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PREFACE. 

In the following pages is given an elementary account of 
some of the marvels that have been revealed by the use 
of the telescope and two of its most indispensable adjuncts 
— the spectroscope and photographic camera. These in- 
struments of research furnish results easily “ understanded 
of the people,” hence it has been possible to provide a 
fabulum which can be digested by all who are interested 
in astronomy. 

Many of the illustrations make their first appearance 
here, among them being the line drawings done from 
my sketches, by Mr. E. B. Ridge. Mr. Cowper Ranyard 
kindly gave me permission to copy Figs. 35 and 36 from 
his excellent plates in “ Knowledge,” and Fig. 30 is based 
upon a diagram and a table of parallaxes given in the same 
journal. Dr. Isaac Roberts, F.R.S., has permitted me to 
reproduce Figs. 38, 39, and 40, from his marvellous photo- 
graphs ; and the Council of the Royal Astronomical Society 
furnished me with Figs. 21, 22, 27, and 33. Figs. 5, 11, 
and 13, are from Young’s “Sun,” by permission of the 
publishers ; and Fig. 34 is from M The Midnight Sky,” 
published by the Religious Tract Society. Figs. 3, 4, 
and 7, originally appeared in “ L’Astronomie,” conducted 
by Camille Fiammarion. Two of Sir Howard Grubb’s 
forms of telescopes are illustrated by Figs. 1 and 2 ; and 
Mr. John Browning is the maker of the instruments 
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shown in Figs. 9 and 10. Fig. 21 was purchased from 
Messrs. Cassell & Co. To all those who have assisted in 
the pictorial embellishment of the book, I tender my hearty 
thanks. 

Even greater is my sense of gratitude to Mr. W. E. 
Plummer, M.A., who took the trouble to read the book 
while it was passing through the press. I am glad to have 
the opportunity of publicly acknowledging my indebtedness 
to him for many valuable suggestions. 

Richard A. Gregory. 

Wimbledon, Surrey, 

September, 1893, 



INTRODUCTION. 


A view of the sky on a fine night “ when all the stars shine, and 
the immeasurable heavens break open to their highest,” excites 
the wonder and stimulates the imagination of every thoughtful 
mind. Like brilliant gems set in the roof of a vast dome, the 
heavenly bodies glitter and gleam upon the'dark background of 
space, making us conscious of the immensity of the universe in 
which the earth plays so insignificant a part. 

The glories of the heavens have appealed to all men at all 
times. t To primitive mankind, the earth appeared to be the 
centre of the universe, and all the heavenly bodies were sup- 
posed to be subservient to it. In that remote day, when 
science was reduced to simple deductions from the impressions, 
it was concluded that all things were made for man’s especial 
benefit, the sun to serve him by day and the moon by night. 
The motions of the heavenly bodies were then' studied because 
of their relation to the seasons. They regulated all mundane 
affairs, declaring the time for labour and the time for rest. 
And from the idea that these motions were created for the con- 
venience of humanity alone, grew the pseudo- science Astrology. 
But clocks and calenders render it no longer necessary to note 
the position of the sun in order to tell the time of day, or to 
determine*the month by observations of the stars visible in the 
midnight 'sky. The observational astronomy of the ancients, 
dealing with the positions and apparent motions of the heavenly 
bodies, has therefore left the minds of the people, and its 
votaries are usually confined to astronomical observatories. 

The feeling of wonder at the profundity of space, and of 
admiration at the beauties of celestial scenery, is felt by all. 
in some minds the woqder is barren \ in others t it gives rise fo 
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profitable thought. An inquiring glance at the sky will show 
that many of the bright stars make well-marked groups, which 
have the same form night after night. Nearly eighteen 
hundred years ago, Ptolemy divided the stars into forty-eight 
groups or constellations, to each of which was given a name of 
a character in heathen mythology. The grotesque figures 
which appear upon star-maps and celestial globes, represent 
Ptolemy's constellations with the addition of about twenty more 
created by modem astronomers. In many modem star-maps 
the old figures are omitted, though the distinctive names are 
retained. The limiting lines of the groups serve as convenient 
boundary marks, and are used in much the same way as the 
divisions which separate the earth’s surface into countries. To 
the geographical mind, the names of countries such as France or 
Italy, convey a definite idea of situation on the earth’s surface. 
In like manner, the astronomer is generally so familiar with the 
face of the sky, that if he observe any celestial phenomena, he 
is able to say whether it occurred in Orion, or Cassiopeia, or 
the Plough, or any other constellation. And the analogy can 
be carried still further. Bright stars are dotted over tue sky 
like towns on the earth. Many of them possess proper names, 
such as Sirius, Vega, and Arcturus, but generally the letters of 
the Greek alphabet are used to designate the stars in a con- 
stellation, the brightest star , being called Alpha, the next 
brightest Beta, and so on through the whole of the alphabet. 
It often happens that a star has several aliases. Thus, Sirius 
is Alpha of the Great Dog constellation (usually written a 
Cams Majoris), Vega is Alpha of the Lyra (a Lyra*), and 
Arcturus is a Bootis. 

The stars move from east to west as if fixed to a solid revolv- 
ing vault This motion is not real, but merely an apparent 
motion caused by the rotation of the earth from west to east on 
its axis. The daily travel of the sun across the sky is explained 
in the same way. It is day when we are turned towards the 
part of space occupied by the sun, and night when we are 
turned away from his genial beams. The sun also appears to 
clUnb up from the western horizon towards the stars, for the 
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stars which are high above the western horizon at sunset to- 
night, will, in a few weeks’ time, be lost in the glows of twilight ; 
and, shortly after, will set at the same time as the sun. In a 
year, however, the same stars will be found to occupy the same 
position. This apparent eastward motion of the sun among the 
stars is the result of the earth’s annual revolution round him, 
and the path traversed is known as the “ecliptic .’ 5 The 
stellar background upon which the sun is projected thus 
differs according to the position of the earth in its orbit. Stars, 
behind the sun at mid-day to-day, will be due south at mid- 
night in six months’ time, w'hile those now visible at midnight 
will form the mid-day background. In the day, sunlight 
illuminates the atmosphere to such an extent that the feeble 
star-beams arc overpowered. Annihilate the sun at any 
moment, or strip the earth of its atmosphere, and the stars 
would be seen brilliantly shining on high. 

Though the stars preserve practically the same relative 
positions upon the celestial vault from year to year, other bright 
star-like objects can frequently be seen which move among 
them. They are not stars at all, but planets or wanderers, 
revolving round the sun in a similar manner to the earth. 
There are seven large planets in addition to the earth, and 
nearly four hundred small ones, known to be under the con- 
trolling influence of the sun. Round the earth and five other 
planets revolve one or more moons, but with the exception of 
our own moon, none of these planetary attendants are visible 
to the naked eye. 

The subjects treated in the following pages belong to 
“physical and descriptive astronomy, 5 ’ or “astronomical 
physics.” Miss Clerke, in her admirable “ History of Astronomy 
of the Nineteenth Century,’ 5 thus defines this branch of celestial 
science : “ It seeks to know what the heavenly bodies are in 
themselves, leaving the How? and the Wherefore? of their 
movements to be otherwise answered. Now, such inquiries 
became possible only with the invention of the telescope, so 
Galileo was, in point of fact, their originator. But Herschel 
was the first to give them a prominence, which the whole pro- 
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gress of science during the nineteenth century has served to 
confirm and render more conclusive. Inquisitions begun with 
the telescope have been extended and made effective in 
unhoped-for directions by the aid of the spectroscope and 
photographic camera, and (here we follow Miss Clerke)a large 
portion of our attention in the present volume will be occupied 
with the brilliant results thus achieved.” 
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CHAPTER I. 

ASTRONOMICAL TELESCOPES. 

By looking through two spectacle glasses held a short dis- 
tance apart, objects can be made to appear nearer. The 
story goes that a child’s exclamation of wonder at the 
appearance of a church spire seen under such conditions 
attracted the attention of one Jean Lippershey, an optician 
of Middleburg, in Holland, about 1606, who afterwards fixed 
the lenses in tubes to form the first telescope. A patent 
was applied for but refused, on the quaint ground that the 
instrument only used one eye, whereas Nature had en- 
dowed us with two. 

Galileo heard of the discovery in 1609, and made a tele- 
scope on the same principle. The instrument had lenses 
similar to those in a common opera -glass and only magnified 
thirty times. However, such optical aid enabled Galileo to 
discover spots on the sun, to see four moons revolving 
round Jupiter, to view the phases of Venus, observe moun- 
tains in the moon, and distinguish a large number of stars 
invisible to the naked eye. A new kind of astronomy was 
thus founded. Before the inventions of the telescope the 
positions and motions of the heavenly bodies were the 
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subject of study ; after, it became possible to inquire what 
the objects are in themselves. 

Though a modem astronomical telescope, with its 
numerous and complicated accessories, differs very con- 
siderably in appearance from the simple instrument used by 
Galileo, the optical principles underlying the construction of 
the two are much the same. Both consist essentially of a 
large lens, termed the “objective” or “object-glass,” to 
form an image of the object under examination, and a small 
lens, or combination of lenses, to magnify the image. If 
the functions of these glasses are properly understood, the 
power of a telescope to reveal faint objects, and to magnify 
them, can always be estimated. 

The human eye, or better, the eye of a cat, affords an 
excellent illustration of the use of the object-glass. In the 
eye is a lens, known as the crystalline lens, similar in shape 
to a small burning-glass. In front of this lens occurs the 
iris, which gives colour to the eye. A blue eye, therefore, 
means a blue iris, and a grey eye is the result of a grey 
iris. The eye-pupil is the small hole in the centre of the 
iris. Rays of light, which produce the sensation of sight, 
can only enter the eye through the pupil, and by a beautiful 
contrivance the size of this hole can be regulated. 

Under the strong light of noon the pupil of a cat’s eye 
appears like a very small spot in the centre of the iris. 
This increases in size as the light diminishes in intensity, 
and towards night becomes so large that very little of the 
iris can be seen. Now, the larger the pupil, the more rays 
can pass into the eye. In the middle of the day, sunlight 
is so intense that a very small window is sufficient to illum- 
inate the eye-chamber, and the pupil contracts. But as 
the night comes on, a much larger window is requited. 
The pupil then opens to its widest to catch as many trays as 
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possible, and make up in quantity what has been lost in 
intensity. The pupil of the human eye decreases in size 
under a strong light, and increases under feeble illumina- 
tion in a similar manner to that of a cat's eye, but the 
difference is not so well marked. From Nature herself, 
then, we learn that to see faint rays of light, the aperture in 
front of the lens of the eye is increased, thus putting a 
larger portion of the lens in action. 

The human eye has a diameter of about one-fifth of an 
inch. With a pupil as big as a halfpenny, that is one inch 
in diameter, twenty-five times more light would be collected 
than under ordinary circumstances, for a circle an inch in 
diameter has a surface twenty-five times greater than 
another having a diameter of one-fifth of an inch. The 
amount of light admitted is strictly proportional to the area 
of the aperture. Twice the area, twice the illumination, 
treble the area, and three times as much light is received 
This principle can also be applied to determine the 
capacity of the object-glass of a telescope to collect light. 
With a lens ten inches in diameter, two thousand five 
hundred times more light is caught than with the naked 
eye, but, it must be remarked, the luminous image formed 
is not increased in brightness by this proportion, on account 
of the absorption of light by the lenses. 

The part played by the object-glass is, therefore, to in- 
crease the apparent brightness of objects. On this account 
it is possible to see the brighter stars in the day-time with 
a telescope of moderate dimensions. The few rays of light 
that enter the pupil of the eye from such stars are insuffi- 
cient to produce the sensation of sight, whereas the larger 
bundle of rays, collected by the lens and concentrated into 
a beam small enough to enter the pupil, is sufficient to do 
so. For the same reason, a telescope is able to reveal stars 
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quite beyond the reach of the unaided eye. The larger the 
object-glass, the larger is the bundle of rays collected by it, 
and the greater is the ability of the instrument to bring 
faint objects into view. What the astronomer wants is 
“more light,” and it is to satisfy his cravings that giant 
telescopes are constructed. 

So much for the function of the object-glass. Now as to 
the ability of the telescope to magnify the heavenly bodies. 
This power is obtained by means of the lens, or combination 
of lenses, at the eye end of a telescope. The object-glass 
bends the light of an object into a small image, which is then 
magnified by the “ eye-piece." Every boy knows that a 
burning glass will concentrate the sun’s light to a brilliant 
point. The distance of this point from the lens is known 
as the “focal length” of the lens. Now, the magnifying 
power of any telescope is calculated by dividing the focal 
length of the object-glass by the focal length of the eye- 
piece. But the focal length of the object-glass of any one 
telescope is always the same, hence the stronger the magni- 
fying glass, that is to say, the less the focal length of the 
eye-piece employed with any telescope, the greater is the 
magnification produced. The magnifying power can thus 
be varied at will by inserting different eye-pieces in the tele- 
scope. Usually several eye pieces are supplied with a 
telescope, and a large instrument has a stock capable of 
magnifying from fifty to about one thousand times. 

Let us consider exactly what this means. A man at a 
distance of a thousand yards appears to have a certain height. 
If a telescope, with a magnifying power of two, is used to 
view the individual, he will appear as if seen at half the 
distance ; a magnifying power of three will enable us to 
see him as if he were situated at one-third the distance, and 
so on for other magnifications. When the man is semi at 
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half his original distance, his apparent height is doubled. 
In the same way magnifications of one, two, three, or four 
hundred brings the selected object one, two, three, or four 
hundred times nearer, and the size of the object is increased 
according to the proportion which the diminished distance 
bears to the real distance. This principle applies to celestial 
as well as terrestrial objects. The moon is at a distance of 
240,000 miles from the earth. If this distance could be 
halved, the apparent diameter of the moon would be doubled. 
We cannot, of course, increase or decrease the real distance 
of the moon, but by magnifying our satellite we can bring 
about the same result as far as appearances go. An instru- 
ment of moderate dimensions will show the moon as she 
would be seen at a distance of five hundred miles, and any 
lunar streak or mark a quarter of a mile long can then be 
easily distinguished. 

During the opposition of Mars in 1892, the planet passed 
the earth at a distance of about thirty-five million miles. If 
it had been possible to use a power magnifying one thousand 
times, when observing our ruddy brother, he would have 
appeared one thousand times nearer to us, that is, at a 
distance of thirty-five thousand miles. But it was not possible 
toobtain such a high magnification, for there is a limit beyond 
which magnification cannot be carried with advantage. And 
for this reason : we see things through an atmospheric veil, 
u which whirleth about continually.” When objects such os 
the sun, moon, or planets, are magnified telescopically, the 
tremors of our aerial envelope are magnified in the same 
proportion. Hence a limit is eventually reached, when 
atmospheric imperfections become so troublesome that 
further improvement of seeing is rendered impossible. For 
many observations in astronomy, however, a high magnify* 
ing power is undesirable and in some cases useless. This 
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comes as a shock to the ideas of the majority of visitors 
to observatories. They expect to see stars at least as big 
as saucers, and can hardly realise that it is impossible 
to magnify these distant orbs. In a good telescope, a star 
appears simply as a point of light more or less brilliant ac- 
cording to the size of the object-glass, but possessing no 
particular features. Indeed, the existence of a pretty colour 
round the image of a star is an indication that the telescope 
is not so perfect as it ought to be. But though stars cannot 
be magnified, the space between them can. Hence it is 
that many stars which appear single when viewed in a small 
telescope are found to be composed of two when seen with 
a high magnifying power on a large telescope. 

At the present time, the largest telescope in which a glass 
lens is used to condense the beams of light is at the Lick 
Observatory, Mount Hamilton, California. The object- 
glass is a yard in diameter, and the length of the telescope 
tube is sixty feet. This instrument will show 100 million 
stars, that is, a star each for every English-speaking 
individual on our globe. The second largest refracting 
telescope has a lens thirty inches in diameter. It is erected 
at Pulkova in Russia. There are seven other instruments 
more than twenty inches in diameter now in existence. 
England possesses two of these: one is at Greenwich 
Observatory, and the other was presented to the University 
of Cambridge by Mr. Newall in 1891. After considerable 
difficulty a firm of optical glass manufacturers has managed 
to cast a disc of clear glass and work it down to a lens forty 
inches in diameter. The instrument for which this massive 
lens is intended will probably be erected near Chicago. 

Besides the familiar kind of telescope, known as 14 re- 
fractors,” there is a class known as 44 reflectors,” in which a 
concave mirror, shaped like the mirror sometimes placed 
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behind a gas light, takes the place of the large lens. We 
have seen that a convex lens is able to produce a real 
image of an object. A concave mirror also possesses the 
property of forming an image capable of being caught upon 
a screen, and, therefore, designated “ real.” The difference 
between the two results is that in one case the light passes 
through the lens and forms an image on the opposite side, 
in the other it is reflected to form an image on the same side 
as the object. But in either case, an eye-piece is used to 
magnify the image. There are several ways in which the 
mirror is arranged with respect to the eye-piece. One 
method is to fix a flat disc of silvered glass at the upper end 
of the telescope tube, but inclined at an angle of 45 °. The 
concave mirror is at the bottom of the tube. Rays of light 
pass down the tube to the mirror, and are concentrated to 
an image which is reflected to the inclined flat disc, and 
thence to the eye piece at the side of the tube. Hence the 
observer, instead of looking straight at an object, sees it 
sideways. The flat disc stops a few of the rays of light 
from passing down to the concave mirror. What is more, 
light is lost by reflection from the disc as well as from the 
mirror. In order to obviate this double loss in the New- 
tonian reflector, Sir William Herschel arranged his concave 
mirror slantingly in the bottom of the telescope. The 
image is then directly reflected to a point near the top of 
the tube. In this case, the observer stands with his back 
to the object he is viewing. 

It can readily be understood that it is less difficult to 
make a large mirror than to cast a disc of glass without 
blemish. On this account the largest telescopes in the 
world are reflectors. The renowned instrument erected for 
Lord Rosse at Parsonstown, Ireland, is of the same length 
as the Lick telescope (sixty feet), and has a diameter of six 
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feet, so that the tube can be walked through without the 
necessity of stooping. The next in site is a magnificent in- 
strument (five feet in diameter), constructed and possessed by 



Fig. i.— A Newtonian reflecting telescope, equatorially mounted 


Dr. A. A. Common, of Ealing. Several four-feet reflectors 
have been made, though only- one, at Melbourne, is now 
used. A reflector ten feet in diameter and a hundred and 
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forty feet long, is being constructed for the Paris exhibition 
of 1900. With the clearest sky and the highest magnifying 
power on this instrument, it is estimated that the moon will 
be brought within a distance of fifteen miles from the 
earth. 

A large telescope is of very little use unless it is mounted 
so that it can readily be pointed towards any part of the 
sky. More than this, 
on account of the ap- 
parent motion of the 
celestial sphere, if a 
telescope is sighted at 
a star, a few minutes 
afterwards the star has JEW 

been carried towards 
the west, and the in 
strument is left point- 

ing to another object. fjjfMaBl yS 

If we wish to observe k SkKr 

the star continuously, 

the telescope must be 

moved at the same 

rate as the apparent 

motion of the sky. 

'These desiderata have 
to be realised in all 
telescopes designed 

aspec ts o f « ll cm! K»g. 2. —A small equatorial telescope. 

CBjectsT An astronomer first points his telescope to the 
object be wishes to observe, and then connects it with a 
clock-work arrangement, which will drive it at the same 
rate as the stars. Should the sky afterwards cloud over, 
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the telescope can be left to itself for a time, but when the 
sky is clear again the astronomer goes back, and is able to 
continue his work without any re adjustments, for the in- 
strument will still point to the object to which it had been 
directed. But for this ability to follow the stars, celestial 
photography would be impossible. When a photographer 
is taking a portrait, he generally prefaces the taking the cap 
off the lens with the admonition to “ Keep still, please.” If 
the advice of the photographer is not followed, a blurred 
picture is the result, for the features of the sitter act on 
different parts of the photographic plate. But the heavenly 
bodies do not obey the will of the astronomer in their 
movements, and to get over the difficulty the telescope has 
to be mounted and driven so that it follows them across 
the sky. 

In addition to the instruments used for observing the 
physical characteristics of celestial bodies, there is a class 
the function of which is to accurately determine positions. 
The former is for celestial sight-seeing, the latter furnishes 
the facts for mathematical investigations. This kind of 
instrument is not mounted so that it can be directed to 
any part of the sky. Crossing the middle of the tube is an 
axis, which rests on two firm supports, and points exactly 
due east and west. The lube itself thus always lies in a 
true north and south direction. It can be moved up and 
down, but neither to one side nor the other. Upon look- 
ing through a “ meridian instrument ” of this kind, several 
very fine upright lines will be seen, with one or two others 
crossing them horizontally. These lines — usually made of 
spider thread — serve a most important purpose. The in- 
strument is fixed. In stately and grand procession the 
stars appear at one side, cross the upright lines one after 
the other, and then disappear on the opposite side. We 
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desire to know the precise moment at which a selected 
object is in the centre of the field of view of the telescope. 
The observer seats himself at the instrument with his finger 
on a smill knob. When the object passes behind each line 
he sharply presses down the knob, and in so doing sends 
an instantaneous current of electricity through a wire with 
which it is connected. The current causes a little pricker 
to make a mark on a revolving drum. A clock is con- 
nected electrically with the same pricker, and causes it to 
make a mark on the drum every second. In one second 
the drum turns through two or three inches, so the two 
pricks made by the clock-beats are separated by this 
current. Between these pricks occur the extra marks pro- 
duced by the observer’s signals, and by measuring the 
distances of such marks from them, the exact fraction of a 
second at which the object crossed the line can be esti- 
mated. The u transit,” or passage of the object across 
each upright line is signalled and recorded on the revolving 
drum, and from the marks the exact time at which the 
object crossed the central line is found. 

If the exact time at which a star crosses the central line 
is noted two nights in succession, the interval will be found 
to be 23 h., 56 m., 4 s. of mean time. Whatever star is 
selected and whenever the observation is made, the interval 
is always the same ; it is the time taken by the earth to 
rotate on her axis, and is known as a sidereal or star-day. 
The astronomer deals so much with the stars that he would 
almost be expected to use the star-day instead of the day of 
civil life. And, for convenience, he does so. The astrono- 
mical clock has the same appearance as a well-constructed 
clock keeping ordinary time, indeed, if it were required, it 
could be regulated to keep proper time. Astronomers want 
the clock to keep star-time, so it is regulated until the hour 
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hand goes through the twenty-four hours marked on the 
face in the interval between two successive passages of a star 
across the cen:ral line of the meridian instrument. When 
this is the case, the hour hand makes a complete revolution 
in 23 hours, 56 minutes, 4 seconds, of ordinary time. An 
astronomical clock, therefore, gains about four minutes a day 
upon the time in general use. 

Now, it is so arranged that the clock of the astronomers 
always indicates o hours, o minutes, o seconds when a 
particular point in the sky is due south, that is, on the 
meridian. The point selected is that upon which the 
centre of the sun is projected at the time of the spring 
equinox, and its position in the sky is very accurately 
known. Once a day it passes across the field of view, and 
when it does so, the clock begins its round of twenty-four 
star-hours. Suppose the star-time to be 3 hours, 6 minutes, 
18 seconds, when a certain star is observed to transit, then 
whenever the sidereal clock indicated that time at the place, 
whether by day or night, the star would be in the same 
position, presuming, of course, that the clock was an ab- 
solutely accurate time-keeper. In other words, the sidereal 
time indicated when any star transits a particular meridian 
is always the same for the same star. This furnishes a 
means of determining the positions of stars round the sky 
in an east and west direction. The number of sidereal hours, 
minutes, and seconds which elapses between the passage of 
the atarting-point and the passage of a star across the centre 
of a meridian instrument is observed, and termed the star’s 
“Right Ascension.” Evidently, many stars have the same 
right ascension, that is, they are due south at the same 
time, though at different heights above the horizon. 
Hence, to exactly locate a star, we must not only know the 
distance in an east and west direction from a “ prime 
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meridian/’ but also north and south of a fixed datum 
line. Suppose we could see twenty -four lines, each 
stretching from the north to the south celestial pole, like 
the lines of longitude upon a map or globe of the earth ; 
the interval between two lines would then represent an 
hour of right ascension. Now, the celestial poles are the 
points in the sky around which the stars appear to revolve, 
and the celestial equator is mid-way between them. If the 
two legs of a pair of compasses are opened until they are 
perpendicular to one another, and one of them is pointed 
towards a celestial pole, the other then ooints to the celes- 
tial equator. The smallest angle between the legs when 
one points to the equator and the other to a star, in other 
words, the angular distance of a star from the celestial 
equator, goes by the name of “ Declination. ” It corre- 
sponds to terrestrial latitude. Every one knows that the 
position of a place upon the earth is defined when its lati- 
tude and longitude have been obtained. In a similar 
manner every star in the sky has a particular Declination 
and Right Ascension, and when these two co-ordinates are 
known the star can be found. 

By means of circles attached to the axle supporting a 
meridian instrument the declinations of celestial objects are 
determined with extreme accuracy. These circles are made 
large in order that a very small angle may be represented 
by a comparatively long distance on the circumference. 
An instrument of this character approaches perfection as 
near as it is possible to do. The circles are divided by 
delicate machinery in so accurate a manner that a micro- 
scope will not reveal any difference of length between the 
lines, and the axle to which the tube is fixed is turned so as 
to be absolutely the same distance across at every point. 
Indeed, in many respects the instrument is so perfect that 
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the earth is not a fit place for it. The 4 * foundations of the 
earth ” are very shaky, and the instrument is troubled by 
continual earth-tremors and changes of level Further, the 
atmosphere bends the light of celestial objects so as to make 
them appear higher than they really are. If the effect were 



Fig. 3. —The meridian instrument in the transit room of the Lick Obser- 
vatory, California. * 


constantly the same it could be allowed for, but it is great- 
est near the horizon, and diminishes to the zenith, where it 
is nothing» and it varies according to the state of the air, and 
the time of year, intervening always between the hope and 
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the realisation of perfection. But even if the earth could 
be annihilated and the astronomer were left with his instru- 
ment of precision to perform the revolution round the sun, 
he would find that it possessed inherent defects. The tube 
bends very slightly, and varies in length, the circles are not 
graduated with mathematical accuracy, and the axle is not 
perfectly cylindrical in shape. More than this, the astron- 
omer himself is not to be relied upon. When an observer 
sees a star cross a line in his meridian instrument, a certain 
interval of time elapses before his mind causes his hand to 
press down the electrically-connected knob. This interval 
is different for different individuals, and diminishes as an 
observer becomes used to his work. In spite of all these 
things, however, the meridian instrument is a mighty power 
in the hands of astronomers. With it all delicate celestial 
measurements are made, so that it forms the fundamental 
instrument of every observatory of any pretensions. 

A large telescope not only needs to be mounted con 
veniently, but also requires proper housing. The observa- 
tory is usually a round house, surmounted by a cupola or 
dome, resting on rollers or wheels, and therefore capable 
of being revolved. On one side of the dome, extending from 
the top to the bottom, is a slit about a yard wide, which can 
be opened or shut at will. When an astronomer wishes to 
begin work, the shutters of the dome are opened, and he 
points his telescope in the proper direction. As the night 
goes on, and the stars shift their apparent positions, the 
dome is moved round to enable the telescope still to point 
to the object under examination, and the astronomer moves 
his observing chair so as to be able to continue his scrutiny. 
In an observatory designed to minimise inconveniences, the 
observing chair is slung from the dome, and the dome itself 
ts driven round by the clock which drives the telescope, so 
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that all it is necessary to do is to open the shutters, point the 
telescope, take a seat in the observing chair, and observe as 
long as desirable. For meridian instruments a dome is not 
required. The house can be any shape, provided there is a 
slit open to the sky in front of the telescope. The observer 



Fig. 4. — The Lick Observatory, California, having at present the largest 
telescope in the world. 


then seats himself as comfortably as possible at the eye end 
and observes the stars as they pass across the field. His 
mind is strained to the utmost as he records the transits one 
by one, and a quarter of an hour or so of such work is suffi- 
cient to tire the most enthusiastic observer. 
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The modem astronomical telescope has a number of ac- 
cessories, but want of space will not permit us to describe 
them here. Our knowledge has been extended in unhoped- 
for directions by means of the photographic camera and the 
spectroscope, and some of the results obtained with these 
potent engines of research will be described in a later 
chapter. 



CHAPTER II. 

THE LIGHT OF THE WORLD. 

“ O, ’tis the sun that makcth all things shine ! ” that guides 
the planets in their course, that is the giver of all good, the 
source of all energy. This orb of heaven is so majestic 
in his motions, so mighty in power, that it seems almost like 
sacrilege to apply to him the yard-stick, to weigh him, to 
scan his features through optic-glasses and overhaul him in 
much the same way that a criminal is investigated for pur- 
poses of identification. However, these poetical scruples 
must be put aside, for astronomers have subjected the god 
of light to a ruthless examination in order to reveal the 
mystery of his being. 

The distance of the sun from the earth is about 93 millions 
of miles. There is a difficulty in properly grasping the signi- 
ficance of this immense number. Suppose we could stretch 
a row of bodies of the same size as the earth across the 
abyss which separates us from our luminary, the number 
required to complete the line would be 1 1,600. Nowadays, 
people are fond of globe-trotting, of making a journey round 
this world of ours. Roughly speaking, u the grand tour ” 
involves a journey of about 24,000 miles, and is done in 
about sixty days. Now, a traveller fired with the ambition 
of travelling as many miles as separate us from the sun 
would have to make nearly four thousand journeys before he 
had attained his desire, and if he had been started on his 
18 
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circuits as soon as he was born, he would require to live 
about six hundred years to finish his task. I^t us take 
another illustration. A sensation travels through the nerves at 
the rate of about a hundred feet in a second. Suppose a 
child were bom with an arm long enough to reach to the 
sun so as to burn his finger, the sensation would start on its 
journey, but the child would have to live 160 years before it 
had reached his brain and made him realise the pain. 
Sounds travel through the air at the rate of about 1,100 feet 
per second. If it could be transmitted through space with 
the same velocity, an explosion on the sun would be heard 
on the earth rather more than fourteen years after it had 
occurred. Light is a much swifter messenger. It travels 
at the enormous rate of 186,000 miles in a second, so that 
the light we receive from the sun at any instant left him 
eight minutes previously. 

The sun is three million miles nearer the earth in winter 
than in summer. The difference between the greatest and 
least distances is found by measuring the change in the 
sun’s apparent size. The annual variation amounts to 
one-thirtieth of the whole solar diameter. Now, there 
is a very definite relation between apparent size and dis- 
tance. A stick a yard long seen at a distance of fifty 
yards appears of the same size as one two yards in length at 
twice the distance, or three times the length at three times 
the distance In fact, if two objects at different distances 
appear of the same size, the real sizes are exactly in propor- 
tion to the distances. Let us apply this principle to find 
the size of the sun. A halfpenny placed at a distance of 
nine feet from the eye just covers up the sun’s disc. The 
diameter of the coin is an inch. Hence an inch at nine feet 
appears of the same size as the sun, which is 93 million 
miles away. The sun has therefore a diameter as much 
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longer than that of the halfpenny as 93 million miles exceeds 
nine feet. By working out this proportion the diameter is 
found to be about 860,000 miles. Accurate measurements 
show that the value is 866,000 miles. Comparing this with 
our little world, we find that it would take 109 earths in a 
row to stretch from one side of the sun to the other, and 
342 would be required to make him a girdle. His volume 
is more than one and a quarter millions greater than that of 
the earth. If we had a contract to build up this stupendous 
bulk, and were to deliver a load of the same size as the 
earth every hour, the order could be completed by working 
day and night for 1 50 years. 

Though the sun is one million three hundred thousand 
times bigger in bulk than the earth, he is only 330,000 times 
heavier. This shows that the density of the sun is about 
one quarter that of the earth. The earth, as a whole, is 
rather more than five and a half times heavier than a globe of 
water of the same size ; the sun, as a whole, is less than one 
and a half times heavier than it would be if composed of 
water. But we hasten to remark that, both in the case of 
the sun and the earth, the density increases from the surface 
down to the centre. The upper parts are lighter, bulk for 
bulk, than the lower, and the numbers given represent the 
average density. 

The weight of a body on the earth is simply the pull of the 
earth upon it. At the sun’s surface the pull is nearly twenty- 
eight times greater than at the surface of our globe. It 
results from this, that anything transported to the sun would 
appear to have its weight increased nearly twenty-eight 
times. 

To the naked eye the sun appears like a flat disc, but 
when observed with even a small telescope many interest- 
ing objects can be seen. In making such observations, 
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however, some method of screening the eye from the fierce 
beams of the sun must be used. A tinted glass is usually 
put over the eye end of the telescope, and in a small instru- 
ment this tones down the light and heat sufficiently to 
permit the solar surface to be observed. For large instru- 
ments, special devices are employed to diminish the power 
of the rays before they reach the eye-piece and dark glass ; 
if this is not done, the great heat may melt the tinted 
glass, besides injuring the eye of the observer. Another 
method of viewing the sun’s surface is to fix or hold a sheet 
of white cardboard at a short distance from the eye-piece. 
The sun’s image will then be projected upon the card, and 
any spots or markings upon the surface are conveniently 
seen. 

One of the first things that strikes a solar observer is that 
the visible surface of the sun — the “ photosphere,” to give it 
a name — is darker near the edges than at the centre. A 
close investigation of the photosphere shows that it has a 
texture, a mottled appearance, very similar to that of mottled 
cardboard. The marks go by the name of “ nodules ” or 
“ rice-grains,” and though they are “minute” objects on the 
sun, the smallest are as large as Great Britain. In places, 
the rice-grains are seen to be lengthened so as to have the 
form of “ willow leaves.” When the rice-grains are observed 
under perfect conditions, with a good instrument, and by an 
acute observer, they are seen to be themselves made up of 
smaller luminous points known as “granules.” Prof. S. P. 
Langley has examined the minute structure of the solar 
photosphere and depicted it with marvellous accuracy. The 
following remarks of his are therefore of great interest. 
Describing the appearance presented by the solar surface in 
telescopes of moderate size, he says : “ We see a disc of 
nearly uniform brightness, which is yet sensibly darker near 
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the circumference than at the centre. Usually seen relieved 
against this grey and near the edges, are elongated and 
irregular white patches, facuhc, and at certain epochs trains 
of spots are scattered across the disc in two principal zones 
equidistant from the solar equator. On attentive examina- 
tion it is further seen that the surface of the sun everywhere 
— even near the centre and where commonly neither faculae 
nor spots are visible — is not absolutely uniform, but is made 
up of fleecy clouds, whose outlines are all but indistinguish- 
able. The appearance of snow-flakes which have fallen 
sparsely upon a white cloth partly renders the impression, 
but no strictly adequate comparison can perhaps be found, 
as under most painstaking scrutiny we discern numerous 
faint dots on the white ground, which seem to aid in pro- 
ducing the impression of a moss-like structure in the clouds 
still more delicate, and whose faint intricate outlines tease 
the eye, which can neither definitely follow them nor analyse 
the source of its impression of their existence. 

“ Under high powers used in favourable moments, the 
surface of any one of the fleecy patches is resolved into a 
congeries of small, intensely bright bodies, irregularly dis- 
tributed, which seem to bfe suspended in a comparatively 
dark medium, and whose definiteness of size and outline, 
although not absolute, is yet striking by contrast with the 
vagueness of the cloud-forms seen before, and which we 
now perceive to be due to their aggregation. The ‘ dots ’ 
seen before are considerable openings caused by the ab- 
sence of the white nodules at certain points, and the con- 
sequent exposure of the grey medium which forms the 
general background. These openings have been called 
p&ns” Prof. Langley then goes on to say that, in 
moments of good vision, the nodules or rice-grains were 
seen to be formed by aggregations of minute points of light, 
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to which he gave the name of “ granules,” and after a care- 
ful study, it was concluded that “The ultimate visible 
constituents of the solar photosphere being not the rice- 
grains, but smaller bodies which compose them, and the 
size of these latter being valuable at not over 0^3 [135 
miles], from a comparison of the total area covered by 
them with that of the whole sun ; we are entitled to say 
that the greater part of the solar light comes from an area 
of not over one-fifth of its visible surface.” 

To the untrained observer a small sun-spot looks like an 
accidental speck of 
dust upon the eye- 
piece of the tele- 
scope. An exam- 
ination, however, j 
soon shows that a 
sun spot has an ap- 
pearance of its own. 

It is not uniformly 
dark, but is made 
up of two shades, 
known as “umbra” 
and “ penumbra.” 

The umbra is a dark 
portion, more or less 

in the centre and Kifi - 5 “ A sun-sjx>t is not uniformly dark, but la 
m me centre, ana made up of two .shades, known as umbra and 

the penumbra is a penumbra, 
lighter part surrounding it like a fringe. 

In the majority of cases, sun-sjxrts are very irregular in 
form. Groups of spots are frequently seen ; they sometimes 
present an appearance such as that produced when a boy 
throws a handful of mud upon a whitewashed walL As a 
rule, one of the spots of a group becomes larger and more 




24 


THE VAULT OF HEAVEN. 


circular in shape as the group grows old, while the smaller 
ones disappear. 

Sun-spots are not only interesting objects to observe, they 
furnish astronomers with a very important fact concerning 
the sun. If the positions of spots on the sun’s face are 
noted day after day, they will be found to vary. A spot 
just on the eastern edge of the sun yesterday, appears more 
on the face to-day, and to-morrow it will be seen to have 
moved still farther towards the centre of the disc. In about 
a fortnight after the fust observation, the spot disappears 
round the sun’s western edge. The explanation of this 
motion of spots from east to west is that the sun is in rota- 
tion. The spots are on the sun’s surface, and are carried 
round on account of his spinning motion. Sin^e this is the 
case, it is evident that the time taken by the sun to make a 
complete rotation can be found by determining the time 
occupied by a spot in moving once round. T he average 
time is 27 J days. Owing to the fact that the earth is a 
moving observatory, this is not the true length of the sun’s 
period of rotation. We see a spot half-way across the sun’s 
disc, and if we were fixed in space, the spot would regain 
its position after 25 § d&ys, But our “ mother earth” can- 
not waste her time to let us study sun-spots under the 
simplest conditions. She bears us away, while continuing 
her monotonous journey, and in 25 J days has travelled 
through one-fourteenth of her yearly track. The result is 
that after this interval, the spot is seen to the east of the 
sun’s centre. It has to catch up to the earth, and takes 
nearly two days to do so and to appear once more half-way 
across the visible disc 

A peculiar fact with regard to the rotation of the sun is 
that spots near the solar equator show a quicker rate than 
spots observed in higher latitudes, quicker, indeed, by as 
much as two days. 
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The rate of rotation, as deduced from observations of 
spots,' decreases from the solar equator. This fact has a 
very important consequence. It shows that the sun cannot 
be a solid globe, for then the rotation period would be the 
same in all parts. Unfortunately, there is no opportunity 
of studying the rate of spot movement near the poles. On 
very rare occasions, small spots are seen midway between 
the equator and poles, but none appear in higher latitudes 
than this. In the vast majority of cases, spots are only 
seen between the limits of two bands or “zones,” extending 
from five degrees to forty degrees in the north and south 
solar hemispheres. Spots seen beyond these limits are re- 
garded as out of bounds. The parts of the sun’s surface 
^hne j gyamed by spots ’ SfSTchown as the “ sun-spot zones.” 

’ T i r e si m pth e n, » • in r otation. If he rotated with his 
equator lying in the plane of the ecliptic, the spots would be 
seen to move straight across from east to west at all times 
of the year. But they do not. In March the paths are 
curved, and spots reach their highest point when half-way 
between the east and west edges. Six months lateT, spots 
curve down from the east edge and then climb up to the 



December. March. June. September. 


Fig. 6 . — “ In consequence of the inclination of the sun s equator to the 
ecliptic plane, the spots appear to traverse different paths during 
different times of the year." 

west, reaching their lowest point when half-way between the 
two edges. From this it is inferred that the sun does not 
rotate with his equator in the plane of the ecliptic, and its 
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axis perpendicular to it. The axis of rotation has a fixed direc- 
tion, but it crosses the ecliptic plane slantingly. In March, 
the earth is on the side of the sun towards which his south 
pole is leaning ; in September we are on the opposite side of 
our orbit, and the north pole of the sun looks tpwards us. 
For these reasons we get up-curves in March and down- 
curves in September. In June and December, we see the 
sun, as it were, sideways. Both the north and the south 
pole are then at the same distance from us, and the spots 
are therefore seen to travel straight across the disc. 

Sun-spots appear dark on account of the dazzling bright- 
ness of the background upon which they exist. As a 
matter of fact, if a spot could be isolated from the sun, the 
darkest part would be found to have a brilliancy greater 
than that of the lime-light used in lantern illustrations. 
Not only are .sun-spots darker than the surrounding surface, 
they are certainly cooler. What is more, they are hollows 
or cavities. This is proved beyond doubt by watching the 
appearances of spots differently situated on the sun’s disc. 
It is easy to understand that a depression on the surface of 
the sun must be seen under different aspects as it is carried 
from the eastern to the astern edge. And observations 
show that when a spot is seen centrally, when we peer 
straight down the cavity, the penumbra usually surrounds 
the umbra in a fringe of more or less regular width. As a 
spot moves towards the western edge, it becomes more 
and more foreshortened in appearance. At the same time, 
the fringe of penumbra is widened on the outer side, and 
diminishes in width on the inner side. In a few cases spots 
have been seen as very slight notches on the edge of the 
sun, and have even been photographed in this position, 
A good imitation of a normal sun-spot and its varying 
aspects is obtained by painting the centre of a saucer 
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black and the remainder grey, and then viewing it under 
different aspects. When we look straight at the saucer, the 
grey part is seen to surround the black part uniformly, and 
as we view it, more and more askew, a foreshortening pre- 
cisely similar to that observed in the case of sun spots is 


As to the size of spots. The greatest length of the 
generality is something between 500 and 40,000 miles. 
Occasionally giant 
spots are on view. yr 

One of the largest / \ 

was visible on the / \ 

sun in February, /• % \ 

1892. Its length / \ 

at one time was / ] 

92.000 miles, and 1 

breadth 62,000 \ % I 

miles. A number \ t J 

of small spots hung \ ^ / 

round the large \ / 

one, and the en- 
tire group had a 

length and breadth SUN FARTH 

of 162 000 and Fig. 7.— Spots seen upon the sun in 1’obrunry, 
01 102,000 ana * ^ ^ sn|illl d £ outsidc the circ ic repre- 

75.000 miles re- sents the proportional site of the earth, 
spectively. The area of the large spot was 2,900 millions of 
square miles, and when all the group was measured, they 
were found to have a surface of 3,500 million square miles, 
that is to say, seventy bodies of the same size as the earth 
would be required to cover up the immense gap. 

It will have been concluded from what has been already 
said, that sun-spots are not permanent blotches on the sun. 
They are born, live a life of usefulness to astronomers, and 
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die. The average life is a month or so. Some die when a 
few days old ; others go off suddenly in their prime, but the 
majority grow to miturity, and then decay, like ordinary 
mortals. In one or two cises, spots have lived more than 
twelve months, but it is rarely that such a green old age is 
reached. 

A number of bright fragments or shreds known as 
“ faculae ” can usually be seen near sun-spots, and become 
conspicuous in the neighbourhood of spots not far from the 
sun’s edge. Faculae are elevated portions of the sun’s visible 
surface. A direct proof of this lies in the fact that they 
have been seen as slight projections on the edge of the sun. 
But it must not be supposed for a moment that faculae are 
permanent mountains on the sun. “ T hey flow from form 
to form ” in a few hours or days, and are frequently so 
evanescent that it is almost impossible to sketch them. 
Faculae have not an established promenade across the sun 
like spots. Excepting the polar regions, they are distributed 
pretty uniformly all over the surface. This is considered a 
fortunate circumstance, for by observations of faculae it be- 
comes possible to find the rate of the sun’s rotation in 
regions beyond the spot zones. 

Schwabe, a native of Dessau, commenced his observa- 
tions of the sun in 1826, with ti e idea that the labour 
u might be rewarded by the discovery of a planet interior to 
Mercury.” He was then led to inquire into the rotation of 
the sun as indicated by the spots. Each spot was noted 
and numbered in the order of its appearance, and when this 
system of registration had been carried on to the end of 
1843, Schwabe modestly remarked that the number of spots 
visible upon the sun varied periodically, waxing and waning 
in what seemed to him to be a period of about ten years. 
But the subject attracted little attention, and it was not 
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until 1851 that astronomers began to wake up to its im- 
portance. In 1857 the gold medal of the Royal Astron- 
omical Society was presented to the indefatigable observer 
of Dessau. “ Twelve years,” remarked the President of the 
Society in his address, “ he spent to satisfy himself, six 
more years to satisfy, and still thirteen more to convince 
mankind. For thirty years never has the sun exhibited his 
disc above the horizon of Dessau without being confronted 
by Schwabe’s imperturbable telescope, and that appears 
to have happened on an average about 300 days a year. 
So, supposing that he observed but once a day, he has made 
9,000 observations, in the course of which he discovered 
about 4,700 groups. This is, I believe, an instance of de- 
voted persistence (if the word were not equivocal, I should 
say pertinacity) unsurpassed in the annals of astronomy. 
The energy of one man has revealed a phenomenon that 
has eluded even the suspicion of astronomers for 200 years! 
Let us hope that the example will not be lost. Men are 
apt to speak of astronomy as an exhausted science, meaning 
that all that can be known is known. No doubt being the 
most perfect, it is in one sense the most exhausted science. 
But the astronomer of Dessau has taught us that there are 
still mines rich in ore, though they lie deep buried, and 
must be worked with more assiduity and with more care. I 
can conceive few more unpromising subjects from which to 
extract a definite result than were the solar spots when 
Schwabe first attacked them.” , 

Since the delivery of this address thirty-six years have 
passed, and the evidence obtained during this period has 
been used to elaborate Schwabe’s discovery. The average 
period or interval in which spots ebb and flow, so to speak, 
is found to be rather more than eleven years and a month. 
An important fact is that the decrease always takes longer 
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than the increase of spottedness. In the middle of 1889, 
six weeks passed without a single spot being seen upon the 
sun. This represents a “ minimum ” of solar activity, for 
the spots afterwards began to appear. The numbers have 
since been increasing, and about the end of this year (1893), 
that is four and a half years after the minimum, the activity 
of the sun, as evidenced by the spots, will be at a maximum. 
Instead of increasing in numbers, a decrease will then 
occur, and in 1900 the state of the sun in 1889 will be 
again reached. The rise to maximum takes about four and 
a half years, and the fall to minimum a little more than six 
and a half years. 

Numerous more or less successful attempts have been 
made to establish a relation between terrestrial phenomena 
and solar spottedness. On the face of it, it would appear 
that the temperature of the earth must vary according to the 
number of spots on the sun, for it has been proved directly 
that spots are cooler than the surrounding photosphere. 
This being so, when a large spot is on the sun, the total 
amount of light and heat received must be different. It has 
been estimated that when the spot of February, 1892, was 
largest, the sun was experiencing a loss of light equivalent to 
that given by 2,200 full moons. In spite of this, terrestrial 
weather did not appear to be influenced. Indeed, when the 
matter is well examined, no direct effect would be expected. 
The loss of light due to the presence of the spot was less 
than one-twentieth of the variation due to the fact that the 
earth is three million miles nearer the sun in winter than in 
summer, and even this change is too small to be noticeable* 
Logically, of course, some difference must be produced by 
spots, though the effect may be, and is generally, obscured 
by vicissitudes of the weather due to local circumstances. 
Leaving individual spots out of the question, several investi* 
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gators have shown that the meteorology of our planet fluctu- 
ates with the periodic variation of solar activity. The tem- 
peratures of a few regions not subject to irregular variations 
have been proved to be slightly below the average when the 
sun is most spotted, and above the average when he is least 
spotted. Upon first considerations, this is the kind of re- 
sult one would expect, the argument being that the greater 
the number of spots, the less must be the amount of light 
and heat emitted by the sun. But it must be remembered 
that an increase in the frequency and extent of spots means 
an increase of solar activity. Indeed, there is little doubt 
that the sun is hotter, as a whole, during a maximum than 
during a minimum period of the solar cycle of changes, and 
the reverse indication obtained from a discussion of the 
heat received by the earth must therefore be added to the 
long category of unexplained facts. 

Cyclones in the Indian Ocean seem to be most frequent 
when sun-spots are most frequent. The rainfall of Ceylon, 
Southern India, and Australia, has also been shown to be 
most abundant about the time of maximum, and least near 
minimum epochs. Both these phenomena indicate that 
the sun is hottest when most spotted. No sufficient cause 
has been found to reconcile the temperature observations 
with those of cyclones and rainfall. The discrepancy will 
probably be accounted for when there are more facts to 
work upon. 

The connection between solar activity and terrestrial 
magnetism is much more definite than between it and 
meteorological phenomena. At Greenwich and elsewhere, 
delicately suspended magnets have their positions automa- 
tically recorded throughout the day and >ear. An examina- 
tion of these records shows that the magnets are continually 
wobbling from side to side, and when successive years are 
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taken, the variation from th*j true or average direction is 
found to become greater as sun-spots become more frequent, 
to reach a maximum size after a maximum of solar activity 
and then to diminish as the spot-cyclc dies out. The two 
cycles run together so intimately that the connection be- 
tween magnetic variation and sun-spot frequency can hardly 
be denied. This being so, a necessary consequence would 
seem to be that violent solar disturbances, which give rise 
to large sun-spots, should be followed by irregular variations 
of the earth’s magnetism, and should give rise to “ magnetic 
storms.” And in a few cases the expectation has been real- 
ised. The large spot of February 1892 caused a great com- 
motion among the delicate instruments of magnetic observa- 
tories, and a few other large spots have provoked similar dis- 
turbances. /The sun has thus been “caught in the act ” of 
stirring up terrestrial magnetism. But many large spots 
have appeared without causing the magnets to flutter, while, 
on the other hand, violent oscillations have frequently been 
recorded when only a few small spots were visible on the 
side of the sun turned towards the earth. It seems, there- 
fore, that the connection between individual spots and 
magnetic storms may be mere coincidences. Certain it is 
that the sun exerts an influence of some kind upon the 
earth, but the influence is not in strict proportion to the 
number or sise of the spots visible at a particular time. 

The aurora borealis is caused by electrical discharges in 
the upper regions of the earth’s atmosphere. Magnetic 
storms are generally accompanied by auroral displays, and 
via versa. What is more, the frequency of aurorae keeps 
time with the frequency of sun-spots, and therefore with the 
intensity and magnitude of magnetic variations. The facts 
show indubitably that there is a general relation between 
sun-spots, terrestrial magnetism, and terrestrial electricity, 
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as exhibited by observations of aurorae, but the nature of 
the connection has not yet been satisfactorily worked out. 
And here the opportunity is taken to correct an error 
which occurs in almost every book on astronomy. In 1859 
two well-known observers, working many miles apart, 
simultaneously saw two brilliant objects appear upon the 
sun, near the edge of a sun-spot. The luminous balls 
travelled through a distance of about thirty-six thousand 
miles across the sun in five minutes and then disappeared. 
In all probability, the phenomenon was caused by the fall 
of two large masses into the sun. Now, there is no doubt 
as to the accuracy of the observation, but the statement that 
the outburst was immediately followed by a magnetic storm 
does not appear to be founded upon fact. Nevertheless, 
this is the assertion usually made, one writer probably 
following another, and none looking up the authority. From 
an examination of the magnetic records kept at Kew, it 
appears that at the time of the observation the needles were 
unaffected, and it was not until fifteen hours after that a 
magnetic storm occurred. Brilliant auroral displays accom- 
panied this storm and were doubtless connected with it, 
but the connection with the solar phenomena of nearly a day 
before can hardly be said to be established. 

At certain intervals of time the moon comes between us 
and the sun and ** eclipses ” him. When this is the case, 
we are able to observe solar phenomena invisible to the 
unaided eye under ordinary circumstances owing to the glare 
of our atmosphere. Round the dark edge of the moon, 
scarlet coloured flames known as “ prominences " or “ pro- 
tuberances ” are seen to project It was doubtful for a long 
time whether these prominences belonged to the sun or the 
moon, and the former body was proved to be the owner by 
the observation that they were slowly covered on one edge 
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of the sun and uncovered at the opposite edge, as out 
satellite changed its position. Solar prominences are parts 
of a stratum, to which the name of “chromosphere” is 
applied, consisting chiefly of hydrogen gas, which surrounds 
the photosphere. In the next chapter, description is given of 
on ingenious method discovered independently by Dr. 
Janssen and Prof. Lockyer in 1868, by means of which the 
chromosphere, and the prominences in it, can be studied at 
any time. 

In addition to the prominences, a “ glory ” of pearly- 
sheen is seen to surround the sun like a halo when the 
light of the photosphere is eclipsed. To this the name of 
“corona” is given. For a distance of about ninety thousand 
miles from the moon’s edge the ring is extremely bright. 
Beyond this “inner corona” the “outer corona” extends 
in luminous streamers and sheets for distances reckoned in 
millions of miles, fading slowly and beautifully into invisi- 
bility. At one time astronomers inclined to the idea that 
the corona was not an actual solar atmosphere, but an optical 
effect produced by the earth’s aerial envelope. That this is 
not the case is definitely established by two facts. In the 
first place, the corona has been analysed and found to 
consist partially of luminous gas ; and secondly, photographs 
of the corona taken at different places during a solar eclipse 
have practically the same appearance. 

Drawings of the same corona can hardly be regarded as 
furnishing any very definite information as to the form 
assumed at the time of observation. The discrepancy be- 
tween the pictures drawn by two observers is frequently so 
great that it is difficult to believe the same phenomenon 
has been delineated. Photography has now almost entirely 
taken the place of visual observations of coronal forms, and 
the results can be relied upon to a greater extent. An in- 
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teresting fact, which comes out from an examination of the 
photographs which have been taken from time to time, is 
that the form of the corona is connected with the eleven- 
year sun-spot cycle. Thus, the photographs taken during 
the eclipses of 1871 
and 1882, that is, at 
the times of sun-spot 
maxima, are very 
similar in character. 

The corona in each 
case had a very irre- 
gular appearance, and 
extended round the 
sun in luminous 
beams. The coronae 
of 1878 and 1889— 

both years of mini- 

mum sun-spot fre- 
quency — are very 
similar to each other, 
but differ consider, 
ably from the form 
assumed during the 
maximum epochs. 

Extensions of the 
corona are seen over 

the SUn-spot zones, *entt the corona of 1882; the lower (from a 
and from the poles of “ “ i 

the sun curved streamers project in very definite outlines. 

The sun dissipates its light and heat with a prodigality 
which c h a r act er ises all nature. About 2,200 million times 
mote heat and light is given out by the sun than is received 
by the earth, notwithstanding which all known substances 
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can be driven into vapour, in the focus of a powerful burn- 
ing glass. And since it is impossible for the temperature 
at a focus to approach that of the source of heat, it must be 
concluded that the sun is very hot indeed, hotter than any 
furnace, hotter even than the electric-arc light. Our 
atmospheric envelope robs the sun’s rays of much of their 
fierceness ; nevertheless, the amount of heat received would 
melt every year a layer of ice surrounding the earth to a 
depth of forty yards. An impressive illustration of the in- 
tensity of radiation at the sun’s surface is given by Professor 
Young. He says, “ If we could build up a solid column of 
ice from the earth to the sun, two miles and a quarter in 
diameter, spanning the inconceivable abyss of ninety-three 
million miles, and if then the sun should concentrate his 
power upon it, it would dissolve and melt, not in an hour, 
not in a minute, but in a single second ; one swing of the 
pendulum and it would be water, seven more and it would 
be dissipated in vapour ” . . . . “ to produce this amount 
of heat by combustion would require the hourly burning of 
a layer of anthracite coal, more than sixteen feet thick, over 
the entire surface of the sun — nine-tenths of a ton per hour on 
each square foot of surface — at least nine times as much as 
the consumption of the most powerful blast furnaces known 
to art/’ It has been calculated that, at this rate, the sun 
would bum out in less than six thousand years if composed 
of solid coal. But the sun’s heat is not kept up by combus- 
tion — no “ burning ” goes on in the sense that we use the 
word. Two theories as to the manner in which the heat of 
our luminary is maintained are generally accepted by astron- 
omers. One is that the sun is constantly being bom- 
barded by meteorites, the result of the imparts being the 
development of heat and light. This doubtless is the case 
to some extent, but if meteorites fell into the sun in suffi 
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dent quantity to keep up the present rate of solar radiation, 
they ought to make their presence clearly felt upon the 
members of our system. Another theory of solar conserva- 
tion is that the sun is slowly shrinking in size. Such a 
contraction necessarily involves the development of heat, 
and it has been shown that the supply could be kept up by 
a yearly decrease of three hundred feet in the sun’s 
diameter. A test of this theory would seem to be obtained 
by measuring the diameter of the sun year by year. But 
though astronomers are used to measuring very minute 
amounts, and optical instruments have almost reached per- 
fection, it must be confessed that the sun would have to go 
on shrinking for nearly ten thousand years before his 
change of size would come within the bounds of detection. 
It seems very probable, however, that the shrinkage theory 
and the meteorite theory help one another in keeping up 
the supply. 

The probable age of the sun is estimated by assuming 
that the shrinkage theory is correct Granting this, it 
appears that he is about eighteen million years old, that he 
has passed the prime of life, and for about ten million years 
more will continue to radiate sufficient light and heat to 
support life as we now know it. Long before this time the 
human race will have disappeared, so no man will look 
upon the sun at “ the last day.” 

Solar Statistics. 

The following useful table of solar statistics is taken from 
Professor Young's standard work on “ 'J*he Sun ” : — 

Mean distance of the sun from the earth, 92,885,000 miles. 
Variation of the distance of the sun from the earth between 
January and July, 3,100,000 miles, 
linear value of r* on the sun’s surface, 450 3 miles. 
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Mean angular semidiameter of the sun, 16' 2"’o. 

Sun’s linear diameter, 866,400 miles. 

Ratio of the sun’s diameter to the earth’s, 109*3 

Surface of the sun compared with the earth, 11,940. 

Volume, or cubic contents, of the sun compared with the 
earth, 1,305,000. 

Mass, or quantity of matter, of the sun compared with the 
earth, 330,000. 

Mean density of the sun compared with the earth, 0*253. 

Mean density of the sun compared with water, 1*406. 

Force of gravity on the sun’s surface compared with that on 
the earth, 27*6. 

Distance a body would fall in one second, 444*4 feet. 

Inclination of the sun’s equator to the ecliptic, 

Mean time of the sun’s rotation, 25*38 days. 

Time of rotation at the sun’s equator, 25 days. 

„ „ latitude 20°, 25} „ 

11 i» n 3® » ^6A »* 

11 ii *i 45 > n 

Linear velocity of the sun’s rotation at his equator, 1*261 
miles per second. 

Intensity of sunlight at the surface of the sun, 190,000 times 
that of a candle flame, 5,300 times that of metal in a 
Bessemer converter, 146 times that of a calcium light, 
3*4 times that, of an electric arc. 

Brightness of a point on the edge of the sun compared with 
that of a point near the centre of the disc, 25 per cent. 

Thickness of a shell of ice which would be melted from the 
surface of the sun per minute, 48} feet 

Mechanical equivalent of the solar radiation at the sun’s 
surface, continuously acting, nearly 10,000 horse-power 
per square foot 

Effective temperature of the solar surface, about 1 8,000° Fahr. 



CHAPTER III. 

THE ANALYSIS OF SUNLIGHT. 

In the whole domain of science there is no more wonderful 
achievement than that of determining the nature of the sub- 
stances in the sun and stars. Fifty years ago, astronomers 
deemed the feat beyond the reach of human possibility. 
Since then, the science of celestial chemistry has been 
founded, with the “ spectroscope ” as its weapon of re- 
search, and the performances of the instrument have been 
so numerous up to the present that the whole of the pre- 
vious astronomical knowledge becomes small in comparison. 
Especially is this the case with the sun. We see a luminous 
globe. Is it a white-hot ball of iron, or is its light similar 
to that of a glow-worm ? What are the prominences which 
are seen to stud the corona during a solar eclipse ? and the 
corona itself, of what is it composed ? These are the kind 
of solar problems upon which the spectroscope has thrown 
light ; and in this chapter we purpose describing the instru- 
ment which has opened up the new fields of inquiry, and 
some of the surprising results that have been attained. 

But before going further, let us clearly understand the 
meaning of chemical analysis. The term signifies the 
breaking up of substances into their component parts. If 
a current of electricity is passed through water, the liquid 
is decomposed or broken up into two gases known as 
Oxygen and hydrogen. By proper means, the two gases can 
39 
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be caused to combine and again become water. Evidently, 
then, water is a compound substance formed by the union 
of oxygen and hydrogen. Now, whatever we do to each of 
these gases, whether we heat it, or pass electricity through it, 
or subject it to any force whatsoever, nothing but oxygen 
or hydrogen can be obtained. We have reached the parts 
of the liquid which cannot be decomposed, and such parts 
are known as “ elements.” Gold is an element, for nothing 
but gold can be obtained from it ; so is iron, and lead, and 
sulphur ; but salt is a compound, for it can be broken up 
into two elements known respectively as sodium and 
chlorine. 

There are thousands of different kinds of substances upon 
the earth, but chemists find that they are all combinations 
of seventy-five elements, many of which are extremely rare. 
This is not very strange after all. The thousands of words 
in our language are all compounds or combinations of the 
twenty-six letters of our alphabet. Chemical compounds 
are therefore analogous to words, and the elements that 
form them are analagous to the alphabet. A compound 
containing two elements is similar to a word of two letters, 
one into the composition of which three elements enter is 
like a word of three letters, and so on. Now, the chemical 
analysis of a substance means the determination of the 
elements which exist in it. How this end is attained by 
the chemist does not concern us here. The point to be 
brought out is that a portion of the substance has to be 
taken into the laboratory and subjected to all kinds of pro- 
cesses before a chemist is able to give an opinion upon it. 
But we cannot obtain a sample of the sun or a star to work 
upon, hence it would appear that no amount of searching 
could enable us to find the elements existing in these bodies. 
Incredible as it may seem, celestial chemistry is an accoot- 
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plished fact. It is not at all necessary to send chemists 
prospecting into space, and to bring back portions of the 
worlds they visit. The spectroscope furnishes a means of 
analysing bodies by the light they emit ; it enables astron- 
omers to analyse the beams of light continually sent to us by 
the sun and stars, and to say to what elements each ray be- 
longs. 

Everyone has seen the pretty colours produced when 
sunlight is shining upon the lustres of a chandelier. Each 
pendant piece of cut glass forms a band coloured like the 
rainbow. Sunlight, then, is not an elementary colour, but 
can be broken up into a number of different colours. Let 
us investigate this more closely, using a large lustre, or a 
wedge-shaped piece of glass known as a “ prism,” for the 
purpose. The prism is placed in the path of a beam of 
sunlight entering a dark room through a round hole so that 
the rays fall upon one of its faces. Two facts will be 
noticed with regard to the beam when it has passed through 
the prism. In the first place, instead of keeping in its 
original direction, the beam is bent or refracted towards the 
base of the prism, and next, different colours are bent by 
different amounts, the result being that a coloured ribbon, 
known as a “spectrum,” is produced. The colour least 
bent is red, then follows orange, then yellow; the next is 
green, the next blue, the next indigo, and the most bent 
dplour of all is violet. These tints always preserve the same 
rebtive positions, that is, they always follow each other in 
th&same order. If the red colour is subtracted from the 
beam before it falls upon the prism, no red appears in the 
spectrum, and the same applies to any other colour. In 
fact, the coloured band is produced by the overlapping of a 
large number of different coloured images of the hole 
through which the beam enters. Now, if you place seven 
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pieces of glass, coloured respectively red, orange, yellow, 
green, blue, indigo, and violet, in a line, so that one over- 
laps the next, each of the colours produced by the overlap- 
ping will be a mixture of two. If, however, the glasses are 
placed side by side in a row, no such impurity of tint is 
caused. In a similar manner, the overlapping of the images 
of the hole, which admits sunlight to the prism, causes the 
spectrum to be “ impure.” Each elementary tint should be 
ranged by the side of the next, passing by insensible grada- 
tions from the deepest red to the darkest violet. To obtain 
this result, a fine crevice or slit is employed instead of a 
hole. A slab, instead of a rod of light, falls upon the prism, 
and a spectrum, in which an infinite number of shades are 
ranged side by side, is produced. We are thus furnished 
with an accurate scale of colour, which can be viewed with 
the naked eye or through a small telescope. In a spectro- 
scope, the slit for admitting a beam of light, the prism for 
decomposing the light, and the telescope for viewing it, are 
arranged in a compact form. The accompanying illustration 
shows such an instrument in its simplest form. The tube 
upon which the maker’s name is marked has a slit at the 
end away from the prism, and the other tube is the view- 
telescope. We have said that the instrument is used to 
analyse light Many substances, when burnt, have such 
distinctive colours that no instrument is needed to dis- 
criminate them. Thus, common salt or soda tinges the 
flame of a spirit-lamp yellow. Red fire, or a red Guy 
Fawkes’ match, owes its colour to the presence of a chemical 
containing the element strontium ; green fire, or a green 
match, contains the element barium. Hence, when we see 
a red firework or a green-coloured one, we are able to 
state, with more or less certainty, that strontium or barium 
is being burnt. But this can by no means be applied 
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to celestial bodies. The sun is a glowing mass, and, 
as far as observations with the unaided eye are con- 
cerned, it could be a ball of iron, or of gold, or of silver, 
or anything else. We cannot determine the quality of his 
light in the way that we did in the case of the fireworks. 
Indeed, only a few coloured fires can be distinguished in this 
manner. Generally half-a-dozen or more powders are 
mixed together, and the light they give when ignited is a 
mixture in which the colours due to individual elements are 



lost The spectroscope here comes to our assistance. 
The yellow light due to the burning of common salt is 
caused to illuminate the slit of the instrument it falls upon, 
and traverses the prism and forms a yellow image. When 
observed with the view-telescope, the image is seen to con- 
sist of two fine yellow lines, very close together. Now let 
the red light of strontium fall upon the slit. It traverses 
the prism and forms red images — images not so much bent 
out of the original direction as the previous ones, and a 
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blue image, that is, one more bent. The light of burning 
barium causes a large number of brilliant lines and bands 
to be seen, some more bent and some less bent towards the 
base of the prism than the yellow lines exhibited by 
common salt. Lithium shows a red line — a line less bent 
out of the original direction than any of the others. A 

very good form of spectro- 
scopic lamp is that shown in 
the figure. It consists of a 
burner and a dip for holding 
substances on a single stand. 
If a number of materials are 
burnt together in a flame of 
this character, each of them 
shows the same lines or bands 
as they do when burnt sepa- 
rately. The prism assignspar- 
ticular positions to be taken up 
by the light of each element, 
and an observer soon gets to 
know these positions. He is then able to distinguish the 
lines or badges of different aubstances in much the same 
way that a military man can pick out soldiers of different 
regiments during a review. Different elements, then, ex- 
hibit different sets of lines when observed with the spectro- 
scope. Some elements show only one or two lines, while 
others show a large number under similar conditions, but 
each element has a set of its own, whether the lines are few 
or numerous. This fact can be utilised to determine the 
elements in a mixture. The substance which it is desired 
to analyse is burned in a flame of some kind, and then ob- 
served through the spectroscope. “ Yes,’* says the observer, 
M there are the lines of sodium, close to them are the 



Fig, to.— A Spectroscopic I^amp. 
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strontium lines, and there is the green line of thallium 
and he continues his observations in this manner until the 
origins of all the lines have been recognised. 

When a gas flame, or the light of an ordinary lamp, or 
the incandescent ball of lime used for lantern illustrations 
is observed with a spectroscope, an unbroken band of 
colour known as a “ continuous spectrum ” is seen. The 
light of every white-hot solid or liquid body, or of any 
luminous gas under pressure, is transformed by the prism 
into this rainbow-coloured band. 

We have said that a little salt placed upon the wick of a 
spirit-lamp tinges the flame yellow and causes a pair of 
bright lines — the “ sodium lines ” — to be seen in a spectro- 
scope. If, while the lines are “ on view,” a lime-light is 
started, so that its bright beams have to pass through the 
sodium flame to reach the slit of the spectroscope, they will 
be seen not bright as before, but as dark lines upon a 
continuous spectrum. Turn off the incandescent light, or 
block it out by means of a screen, and the sodium lines will 
again be seen bright and alone. The flame is not altered 
by the light passing through it. We must therefore con- 
clude that the lines are seen dark by contrast with the 
bright continuous spectrum of the lime-light. By placing 
lithium, or thallium, or any other substance upon the flame, 
and passing the beams from the incandescent cylinder of 
lime through it, each set of lines is seen dark upon a 
coloured ribbon instead of appearing as bright and 
differently coloured images of the slit. Thus, each element 
burning in the flame blocks out from the continuous 
spectrum the lines of which its own spectrum consists. 
This is a most important observation ; indeed, it is the 
cardinal principle of spectrum analysis applied to the 
heavens. 
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In 1814, Fraunhofer, a German optician, found that by 
admitting sunlight to a prism through a crevice in a window 
blind, and viewing the spectrum with a small telescope, the 
coloured band was crossed by a number of dark lines at 
right angles to the direction of its length. He counted 

Red. Yellow. Green. Blue. 


A a B C D 

Fig. 11.— The Solar Spectrum mapped by Fraunhofer, 
about six hundred lines, and mapped the positions of some- 
thing like half this number, designating the most con- 
spicuous lines by letters of the alphabet. With the 
spectroscopes now at the disposal of astronomers, thousands 
of dark lines can be seen in the spectrum of sunlight. In 
honour of the discoverer, they are termed “ Fraunhofer 
lines.” Fraunhofer found that the line, or rather pair of 
lines, produced by burning common salt, occupied exactly 
the same position as a dark line in the solar spectrum, but 
the circumstance was regarded more as an accident than 
otherwise. Not until nearly half a century later, in 1859, 
was the key to these enigmatical lines discovered. It is 
involved in the third principle experimentally illustrated 
above and enunciated by Kirchoff. What KiichofF said 
in substance was this: " There is a solid or a liquid 
something in the sun giving a continuous spectrum, and 
around this are vapours of sodium, of iron, of calcium, of 
chromium, of barium, of magnesium, of nickel, of copper, 
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Of cobalt and aluminium ; all these are existing in an 
atmosphere, and are stopping out the sun’s light. If the 
sun were not there, and if these things were observed in an 
incandescent state, we should get exactly these bright lines 
from them.” (Lockyer.) 

The conviction is thus forced upon us that the dark lines 
in the solar spectrum are caused by light from a very hot 
body having a continuous spectrum passing through ‘ an 
envelope of gases at a lover temperature. Each gas sub- 
tracts from the continuous spectrum those rays of which its 
own spectrum consists, hence, by matching the dark lines 
in the solar spectrum with bright lines of terrestrial elements, 
we can determine the chemical constitution of the atmo- 
sphere which produces them. The comparison is best made 
by burning substances in the electric arc, for we then see 
them at a temperature approaching that of the sun. Sun- 
light is caused to illuminate one half of the slit of the 
spectroscope, while the light of the arc illuminates the other 
half. The solar spectrum and the “ arc-spectrum ” of the 
substance being burned, are then seen one above the 
other, and the coincidence or non-coincidcnce of dark lines 
of the former with the bright lines of the latter can be made 
out. But the photographic plate has now almost entirely 
replaced eye-observations of this kind. The two spectra are 
caught upon a sensitised him, and the lines leave their im- 
pressions. The pictures can then be examined at leisure 
to see if Fraunhofer lines are matched by lines due to the 
substance burning in the electric arc. 

The visible solar spectrum is a coloured band extending 
from red to violet, and as in many other things, we are apt 
to conclude that this strip represents the beginning and the 
end of it But if a photographic plate is placed so that one 
end lies in the red part of the spectrum and the other 
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reaches beyond the violet, and after being exposed for a 
short time, it is taken away and treated with chemicals in 
the usual manner, what do we find ? Lines more bent than 
the violet end of the spectrum appear upon the photographs, 
that is, lines which are utterly invisible to the eye. The 
lines in the violet and blue parts of the spectrum are also 
portrayed in their proper relative positions, but unless the 
film has been specially prepared, none of the lines from the 
green to the red are found upon the pictures. The photo- 
graphic plate is thus sensitive to light rays which are incap- 
able of producing any visual effect, and the eye, on the 
other hand, can see rays which leave no impression upon 
an ordinary sensitive film. We shall have occasion to refer 
to this point again. 

Photographic and visual comparisons of the kind indi- 
cated above have shown the disciples of the “ new astron- 
omy ” that most of the elements existing upon the eaith are 
to be found in the sun. More than two thousand lines 
contained in the spectrum of iron coincide with the same 
number of dark lines in the solar spectrum. What is more, 
brilliant lines of iron are represented by conspicuous Fraun- 
hofer lines ; while faint lines in the spectrum of the metal 
have faint counterparts. According to the most recent 
observations the common terrestrial elements at present 
known to enter into the sun’s constitution are, calcium , iron, 
hydrogen , sodium , nickel, magnesium , cobalt, silicon , alum- 
inium, titanium, chromium, manganese, strontium, barium, 
carbon, copper, zinc, cadmium, silver, tin, lead, and potassium . 
The eight italicised elements make up rather more than 
fifty per cent of the crust of the earth. There is little doubt 
that if the earth were heated to the temperature of the sun 
its spectrum would closely resemble the solar spectrum. 

It was at one time thought that the Fraunhofer lines are 
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produced by absorption in our own atmosphere and not in 
the solar envelope. If this were so, the lines should increase 
in strength when sunlight traverses a greater thickness of 
atmosphere, that is, in the morning or evening. There 
should be a gradual decrease in intensity from sunrise to 
noon, and an increase from noon to sunset. A few lines 
really show this variation. They are, therefore, produced 
by our atmosphere, and are known as “ telluric lines.” 

So far we have dealt only with the summation, as it were, 
of solar light. In 1866, Norman Lockyer suggested that 
different parts of the sun should be examined in order to 
obtain an intimate knowledge of solar phenomena. An 
image of the sun, formed by means of a lens, is caused to 
fall upon the slit of a spectroscope. Suppose it is desired 
to observe the spectrum of a sun-spot, the sun’s image is 
arranged so that the spot is on the slit. Upon observing 
the solar spectrum when this is the case, a dark strip is 
seen to stretch from one end to the other. Many of the 
Fraunhofer lines are seen to be thickened or widened where 
the dark strip crosses them, while others are unaffected. 
We have seen that the lines owe their existence to the 
absorbing effect of a comparatively cool envelope. If, there- 
fore, the amount of absorption is increased, the lines must 
appear wider. Hence the widening of Fraunhofer lines 
where the dark strip crosses them is an indication of in* 
creased absorption, and this can be produced either by a 
decrease of temperature or an increase of pressure, or both. 
By observing the set of lines that are affected, the kinds of 
vapours existing in the spot are determined. Occasionally, 
Fraunhofer lines in a spot-spectrum become suddenly bright, 
thus indicating that the vapours they represent have been 
suddenly increased in temperature or decreased in tem- 
perature. 


D 
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The spectroscopic observation of prominences during the 
total solar eclipse of 1868 showed that these fantastic forms 
chiefly consist of glowing hydrogen, the most conspicuous 
lines in their spectrum being due to this element. For- 
tunately for science, Dr. Janssen and Prof. Lockyer inde- 
pendently discovered a means of observing prominences 
at any time. The principle of the method is as follows : — 
We are unable to see the stars in the daytime on account 
of the glare of sunlight in our atmosphere, and the pro- 
minences and corona are invisible under ordinary circum- 
stances for exactly the same reason. Strip the earth of 
its aerial envelope, and the stars, prominences, and corona 
could be seen against the dark background of space. 
Evidently, then, if the intensity of the atmospheric glare 
can be diminished without a corresponding diminution of 
the light of the prominences, these red flames will become 
visible. The spectroscope permits this to be done. The 
spectrum of diffused sunlight is the same as that of the sun 
itself. If an instrument having a single prism is used to 
view this spectrum, the characteristic coloured ribbon of 
light is seen. With a two-prism spectroscope the ribbon 
appears of a greater lengthy but fainter in all its parts ; a 
three-prism instrument shows it stretched still more, but the 
stretching has again been accompanied by a loss of bright- 
ness. Thus the intensity of the spectrum of diffused sun- 
light diminishes as a spectroscope is increased in power. 
Now the spectrum of the glowing hydrogen prominences 
consists of a few bright lines. When observed with a single- 
prism spectroscope, these lines occur at certain distances 
apart. A two prism instruratnt separates the lines to a 
greater extent, without altering the relative distances. A 
three-prism instrument makes the intervals still greater, and 
so on for any number of prisms, each adding its separative 
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effect to the one before it. It appears, then, that an in- 
crease of the power of a spectroscope diminishes the in- 
tensity of atmosphere glare, without diminishing the 
brilliancy of the bright lines of which the prominence spec- 
trum consists. Hence, if the slit of a powerful spectroscope 
is placed near the sun’s edge, so that the continuous 
spectrum seen is that of the sky and not of the sun itself, 
and a prominence happens to exist at that part of the edge, 
the bright lines in its spectrum will be clearly seen, and if 



Fig. ia — A Solar Prominence, photographed by Prof. Hale in full daylight. 

the slit is widened, the prominence itself becomes visible. 
In order to observe the prominences projecting from the 
sun’s disc at any time, the slit of the spectroscope has to 
be adjusted at different points until it has been taken com- 
pletely round the edge. By an invention due to Prof. 
Hale of Chicago, all the red flames shooting out from the 
edge can now be photographed at a single exposure. 
The sun is artificially eclipsed and photographed, and the 
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clouds of glowing hydrogen which float above it at the time 
are delineated upon the resulting picture. 

The prominences are conveniently arranged into two 
groups, known respectively as “ quiescent ” or 11 hydrogen ” 
prominences, and “ eruptive ” or “ metallic ” prominences. 
The former class resemble our terrestrial clouds. They are 
usually very large, extending to a height of 50,000 or 100,000 
miles above the atmosphere, and frequently endure un- 
changed for days together. Prominences of the latter class 
are far more vivacious than their steady-going brethren, and 
are less massive. They exhibit many bright lines due to 
metallic elements, hence the designation “ metallic promin- 
ences.” Prof. Young remarks with regard to these flames, 
“ They usually appear in the immediate neighbourhood of 
a spot, never occurring very near the solar poles. Their form 
and appearance change with great rapidity, so that the 
motion can almost be seen with the eye — an interval of 
fifteen or twenty minutes being often sufficient to transform, 
quite beyond recognition, a mass of these flames 50,000 
miles high, and sometimes embracing the whole period of 
their complete development or disappearance. Sometimes 
they consist of pointed ray% diverging in all directions, like 
hedgehogs’ spines. Sometimes they look like flames some- 
times like sheaves of grain, sometimes like whirling water- 
spouts capped with a great cloud ; occasionally they present 
most exactly the appearance of jets of liquid fire rising and 
falling in graceful parabolas ; frequently they carry on their 
edges spirals like the volutes of an Ionic column, and 
occasionally they detach filaments which rise to a great 
elevation, gradually expanding and growing fainter as they 
ascend until the eye loses them.” 

The motion of a prominence shot straight out from the 
•tin’s edge can be seen, but it is evident that if the flame were 
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moving towards or away from us at the same time, or if it 
had a whirling motion, the eye could not perceive it. 
Fortunately, this “ motion in the line of sight ” can be de- 
tected and measured by means of the spectroscope. The 
principle is as follows : — 

When standing upon the platform of a railway station 
towards which an express train is approaching, many people 
will have noticed that the pitch of the whistle increases 
slightly as the engine approaches, and decreases as it whirls 
away. The absolute pitch of the whistle is immaterial. 
When the distance is diminishing, the pitch is raised, and 
when the distance is increasing, the pitch is lowered. This 
principle also applies to lights. A luminous body approach- 
ing the earth has its colour-pitch raised, while a moti >n 
away from the earth causes it to be lowered. The positions 
of lines in a spectrum corresponds to the pitch of notes in 
the musical scale. The lowest notes of a piano correspond 
to red light, and the highest notes to violet light. Further, 
each C of the piano is analagous to a line of hydrogen in 
the solar spectrum. Now the difference between the pitch 
of C and any other note is constant. If the piano is mov- 
ing rapidly towards us, or we towards it, and all its notes 
are sounding, all of them will have their pitch raised, while 
a motion in the opposite direction causes a lowering of 
pitch. But if we suppose that one set of notes, say C and 
all its octaves, is being hurried towards us while the re- 
mainder are at rest, this set only will have its pitch in- 
creased. The difference of pitch between each C and the 
D next above it will therefore be diminished, and the 
magnitude of the difference will depend upon the velocity 
with which the C notes move towards us. A motion of re- 
cession causes a lowering of the C notes relatively to those 
at rest. Now transfer your thoughts from the musical notes 
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to the hydrogen lines in the spectrum of a prominence. 
If the hydrogen to which they owe their being is moving to- 
wards the earth, the lines are increased in pitch, they are 
shifted slightly towards the Fraunhofer lines just above 
them, that is, nearer the violet end of the spectrum. 
Hydrogen moving away from the earth suffers a decrease 
of pitch, and the difference of distance between its lines 
and the lines nearer the red end of the spectrum is 
diminished. By measuring the difference on either side, 
the velocity of approach or recession of the mass of 
hydrogen can be calculated. Similar reasoning applies to 



Fig. 13.— Changes observed by Young in a hydrogen line of a sun-spot 
spectrum. 


the spectrum of a sun-spot. It sometimes happens that 
many of the Fraunhofer lines are considerably distorted in 
a spot-spectrum. Thus, the lines of hydrogen, instead of 
being straight, assume zig-zag and branching shapes. 
Where the lines are bent towards the red end of the 
spectrum, the hydrogen they represent must be moving 
away from the earth, and, on the other hand, the parts of 
the spot in which the gas is moving towards the earth show 
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the hydrogen lines displaced in the opposite direction. It 
is only when the gas is neither approaching nor receding 
from us that u the crooked is made straight.” 

Both in prominences and sun-spots a whirling motion 
has been detected indicating that the sun, like the earth, has 
its “ cyclones ” and “ tornadoes,” but on a much grander 
scale. The velocities shown by the spectroscope in solar 
phenomena are usually from fifty to about two hundred 
miles per second, and occasionally a rate of three hundred 
m.les per second is measured, but this is very rarely ex- 
ceeded. It is difficult to conceive of material ejected with 
these tremendous velocities, yet the spectroscope shows 
clearly that the masses of gas do actually move in this swift 
manner. As to the nature of the forces which produces 
this violent agitation, little is definitely known. 

Metallic prominences are closely connected with sun- 
spots. They occur most frequently over the sun-spot zones, 
wax and wane in an eleven-year period, break out in high 
latitudes after a minimum of activity, and then approach 
the equator up to the next minimum. Indeed, all solar 
phenomenas are connected in some way or other ; and as 
time goes on, the law that governs them will be revealed. 

The spectroscope has been turned to the corona during 
the brief moments of solar eclipses, and the bright lines 
seen and photographed show at once that we are dealing 
chiefly with a luminous gas. The spectroscopic trade-mark, 
so to speak, of the corona is a green line coincident with a 
faint Fraunhofer line in the ordinary solar spectrum. Like 
many other lines, this has not been matched with a line 
given by a terrestrial element, that is to say, no known 
element has a line in exactly the same position as the 
“ corona line.” The probability is that the line is due to a 
material lighter even than hydrogen, the lightest of known 
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substances. The extremely fine, indeed, one may say, the 
ghostly texture of the corona, shows that the material exists 
in a state of excessive tenuity. 

In addition to the conspicuous badge of the corona, a 
number of other bright lines, some of which are due to 
hydrogen, show themselves in the spectrum. A number of 
dark Fraunhofer lines and a faint continuous spectrum are* 
also seen. This indicates that some of the coronal light is 
sunlight reflected by solid particles. But since no method 
has yet been perfected whereby this envelope or outer 
atmosphere can be studied in daylight, less is known about 
it than the prominences, which, as has been pointed out, 
can now be studied without waiting for an eclipse. 

The physical constitution of the sun, and the cause of the 
various solar phenomena, have been and are still matters of 
discussion. The general belief is that the nucleus of the 
sun consists of gases under great pressure and at extremely 
high temperatures. Surrounding this is the photosphere or 
luminous surface, which is probably of a cloudy nature, but 
the clouds instead of being composed of particles of water 
consist of condensed vapours of metals. The clouds float 
in an atmosphere in which uecondensed vapours of metals 
take the place of the oxygen and nitrogen of our awn at- 
mosphere. The atmosphere extends above the level in 
which the photospheric clouds occur, and, by its absorbing 
action, produces the Fraunhofer lines in the solar spectrum. 
Faculce are elevated clouds, and they appear brighter than 
the general photosphere, because their light has not to pass 
through such a great thickness of absorbing atmosphere. 
Spots are cool depressions in the photosphere. They are 
probably produced by the downrush of large quantities of 
condensed matter upon the photosphere. The granule* are 
the tops of photospheric clouds. The chromosphere extends 
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to a height of about 5,000 or 10,000 miles above the photo- 
sphere. 

The appearance of this scarlet-coloured shell “ is as if 
countless jets of heated gas were issuing through vents and 
spiracles over the whole surface, thus clothing it with flame, 
which heaves and tosses like the blaze of a conflagration.” 
(Young.) The chief constituents of the chromosphere are 
hydrogen, and an unknown substance to which the name of 
“ helium ” has been given. The prominences are portions of 
the chromosphere which have ascended above the general 
level. Surrounding the chromosphere, the coronal atmo- 
sphere or corona occurs. This envelope consists partly of 
glowing gas and partly of solid particles, which reflect sun- 
light. Its chief gaseous constituent is unknown in terrestrial 
chemistry, and has been named “ coronium.” 

Much has been done since the spectroscope entered the 
field of inquiry, but much more remains to be done. The 
“ stream of tendency ” is towards solar physics, and facts 
are being rapidly accumulated, which, though apparently 
unimportant, must bring us nearer to the “ first cause.” 



CHAPTER IV. 

THE EARTH’S CLOSE COMPANION. 

The moon is the earth’s obsequious attendant. She is 
bound to us by the strong attachment of gravitation, and 
accompanies us wherever we -go. Her distance is only 
240,000 miles, that is, about ten times greater than the cir- 
cumference of the earth, and four hundred times less than 
the sun’s distance. Judging by appearances, the full moon 
looks almost as large as the sun, but there is such a differ- 
ence between the distances of the two bodies from the earth, 
that it must be concluded that the moon is really much smaller 
than the sun. The apparent sizes of objects are proportional 
to the distances from which they are viewed. Since, then, 
the moon is seen from a distance four hundred times less 
than the distance of the sun, #nd appears approximately to 
have the same diameter, her real diameter is four hundred 
times less than that of the sun, that is, one four-hundredth 
of 866,000 miles, or 2,165 miles. From this it will be seen 
that the moon is almost a nonentity compared to the sun. 
A striking illustration of her insignificance is afforded by the 
fact that if the earth could swell in size until it reached the 
moon, 240,000 miles away, its diameter would only be a 
little more than half the sun’s diameter. 

The moon is a small body even when compared with the 
earth. About three and a half moons in a row would reach 
from England to the Antipodes through the centre of the 
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earth. Americans can realise with exultation that North and 
South America taken together have more square miles than 
the whole of the lunar surface. As regards the volume or 
bulk, forty-nine moons welded into one would make a 
globe of the same size as the earth. But this globe would 
only weigh about three-fifths as much as the earth, for the 
lunar rocks, taken as a whole, are not so dense as those 
which make up our planet. If both lunar and terrestrial 
materials had the same average density, the earth's mass 
would be forty-nine times greater than the moon’s, as well 
as its volume, whereas the mass of the earth is eighty-one 
times greater than that of the moon. 

“ The man in the moon," if endowed with the same 
muscular exertion as ourselves, would be able to perform 
prodigious feats. If he could carry one hundredweight on 
the earth, he could carry six hundredweight on the moon, 
and if he could jump three feet here below, he could with 
the same exertion leap eighteen feet on the moon. Should 
he turn the scale at twelve s one on the earth, and be 
transported to the moon, he would find that the change of 
place had brought his weight down to about twenty-eight 
pounds. Suppose communication had been opened up be- 
tween the earth and the moon, and we supplied the inhabi- 
tants of our satellite with coals to cheer their dreary lives. 
A ton of coals, containing the usual quantity of 20 cwt., 
is started on its journey. It reaches the anxious house- 
holder on the moon, and he decides to check the weight 
by means of a spring-balance recently imported from the 
earth. The re-weighing would lead the lunarian to doubt 
the probity of terrestrial coal merchants, for he would find 
that the coals only weighed 3 cwt. 

The moon differs from the sun in the fact that it passes 
through phases or changes. First, the “New moon, like a 
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silver bow, new bent in heaven,” is seen just above the *un 
as he sets on the western horizon, the horns of the crescent 
always being pointed away from the globe from which her 
light is borrowed. Each night sees the crescent wider, and 
soon the half moon is reached. A week later the full moon 
“rolls through the dark blue depths.” Another week and 
a half moon is again visible, then a crescent is seen in the 
dawn, with the horns pointing away from the sun, and then 
the old moon is swallowed up in sunlight. The time from 
full moon to the next, or from any phase to the same phase 
again, is 29A days. From new moon to half moon, half to 
full, and so on, the intervals is, roughly speaking, seven 
days, and there is little doubt that our week of seven days 
had its origin in this fact. 

If the moon is observed near a particular star at any time, 
she will be found in the same relative direction after 27 J 
days. This interval is known as a sidereal or star month. 

Lunar phases result from the fact that moonlight is re- 
flected sunlight. One half of the moon is bathed in the 
sun’s beams, while the other half is in utter darkness. 
When the illuminated half is facing us, the moon is full, 
when we view it sideways, a half moon is seen, and when the 
bright face is turned from us, we see no moon at all. All 
the changes are caused by the ever-varying aspects presented 
to us by the hemisphere of the moon which faces the sun. 

At the time of new moon our satellite is in " conjunction ” 
with the sun, that is to say, both bodies appear due south 
at the same instant. Usually the moon is slightly above or 
below the sun at the time of conjunction, so she does not 
come between us and his gen al beams. The illuminated 
side is then turned away from us. A few days later, the 
moon has moved round the earth sufficiently to show a 
small portion of her bright side. Seven days after new 
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moon, the first quarter of the monthly journey has been 
described. At this time our satellite crosses the earth’s 
orbit, and we are able to see one half of the illuminated 
hemisphere. Seven days more, and the moon is in “ op- 
position ” with the sun, that is to say, the sun, earth, and 
moon are in one direction, with the earth in the middle. 
But the three bodies are not generally in a line, so the 
people on the dark side of the earth are able to see the 
moon u in full-orbed glory,” as the sunlight streams upon 
her face, and clothes her with radiance. At the end of the 
third quarter, the moon is once more in a direction at right 
angles to the sun, and a half moon is seen. From this time 
the visible portion of the lunar surface diminishes to new 
moon, when the cycle of changes begins again. 

If the moon revolved round the earth in the same plane — 
the plane of the ecliptic — as that in which the earth jour- 
neys round the sun, then once a month she would come 
between us and the sun and eclipse him, that is to say, an 
eclipse of the sun would occur at the time of every new 
moon. Similarly, at the lime of each full moon, the sun, 
earth, and moon would be in a straight line, and an eclipse 
of the moon would occur as our satellite passed into the 
earth’s shadow. These events do not happen monthly, be- 
cause the moon does not revolve on exactly the same plane 
as the earth. By observing the moon’s track among the 
stars, it will be found not to coincide with the sun’s track — 
the ecliptic. Could two luminous trails be drawn upon the 
sky to represent the respective paths of the “ greater and 
lesser lights,” they would be seen to cross one another at 
two points, known as “ nodes.” The greatest distance be- 
tween the two trails would be about ten times the apparent 
diameter of the moon. Now it should be evident that a 
total eclipse can only happen when the moon is at one of 
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the points where her orbit cuts the ecliptic. If the sun 
should arrive at this point at the same time as the moon, a 
solar eclipse must occur; if the moon should arrive at a 
node just when the earth’s shadow is sweeping past it, she 
must be totally eclipsed, and if the three bodies should be 
in a line when the moon is near, but not at a node, the 
eclipse will be only partial. 

It was noticed in very early times, that after an interval 
of 223 lunar months, eclipses happened in the same 
sequence as before; in other words, the occurrence of 
eclipses follows a cycle of this length. The period is 
known as the “Saros,” and by means of it the dates at 
which eclipses would occur were predicted by ancient 
astronomers. Thus an eclipse which happens on any partic- 
ular day will occur again after 223 months, or, more ac- 
curately, 6,585 2 days. In the whole period there are about 
forty-five solar and twenty-five lunar eclipses. Seven 
eclipses can occur in a year, and two must occur ; in the 
latter case, both are eclipses of the sun. 

The periodical recurrence of eclipses is caused by a 
movement of the nodes of the moon’s orbit. Reverting to 
the imaginary luminous track* of the sun and moon, sup- 
pose that the two crossed each other at one point exactly 
in front of a star. At the end of a month, the node would 
be found to the west of the star ; in two months, it would 
be further to the west, and so on. After nineteen years, 
the nodes would have backed completely round the ecliptic, 
and would be projected upon exactly the same part of the 
sky. And when it is remembered that eclipses only happen 
with the moon near a node, it will be understood that the 
length of the lunar cycle of 223 months must be regulated 
by the motion of the nodes. 

The phenomena of a total solar eclipse have already been 
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described. It sometimes happens that the moon’s ap- 
parent size is smaller than the apparent size of the sun at 
the time of eclipse. Our dark companion cannot then 
cover up the whole of the sun’s disc, so a luminous ring is 
seen surrounding her. This is known as an “annular” 
eclipse. 

An edipse of the sun can only be seen where the moon’s 
shadow touches the earth, and the average width of this 
shadow is about 200 miles. On this account, it is very 
rarely that a little spot like England lies in the track of the 
shadow. The next total eclipse visible in our ow-n country 
will not occur until 1999. On April 1 6th, 1893, there was a 
total eclipse of the sun ; and it was utilised by astronomers to 
elucidate some of the many unsolved solar problems. The 
shadow-track crossed South America from Chili to brazil, 
entering Africa near Bathurst, and left the earth in the in- 
terior of the Dark Continent. 'The eclipse did not come to 
English astronomers, so they went to it. For nearly five 
minutes the sun was completely covered by the moon, and 
darkness enshrouded like a pall the people over whom the 
shadow passed. 

From the above explanation it will be seen that an eclipse 
of the sun can only happen at veu> moon. Information of 
this kind should be part of the stock in-trade of a novelist. 
A very successful writer, whom it is unnecessary to mention, 
describes a solar eclipse which occurred the day after full 
moon, and to make matters worse, the eclipse was said to 
last for half an hour, w hereas the longest possible duration 
of totality is less than eight minutes. 

A total eclipse of the moon is always visible over more 
than half the earth, and has a duration of a couple of hours. 
The phenomena observed are not very striking. During 
totality, that is, when the moon is entirely immersed in the 
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earth’s shadow, our satellite can be seen as a dull reddish- 
coloured disc. The earth is between her and the sun, so no 
direct sunlight can reach the lunar surface. From this it 
would seem that the moon is not a cold, dead world, but a 
globe at a dull-red heat But this is not the case. The 
appearance is caused by the action of the earth’s atmosphere 
in diverting the sun’s beams from their course. Rays of 
light from the sun strike our atmosphere, and are bent to- 
wards the earth’s conical shadow ; they fall upon the moon 
in the shadow, and make its surface visible. In traversing 
the earth’s atmosphere, and being reflected through it 
again from the lunar surface, sunlight is shorn of most of its 
original glory, and only dull red rays are left to report to us 
the story of the journey. 

By the exercise of a little imagination, some of the grey 
markings visible upon the lunar surface are seen to bear a 
resemblance to a human face. According to an old legend, 
this “ man in the moon ” was transported from the earth for 
the heinous crime of picking up sticks upon a Sunday. A 
circumstance which has struck most people is that the same 
face is always visible. Sometimes we see a little more of one 
side or another, but the difference is hardly noticeable, and 
the dweller on our satellite seems to keep his longing eyes 
fixed upon the world from which he was torn. The moon, 
in fact, always keeps the same side towards the earth, and 
from this it would seem that she does not rotate or spin like 
the earth. She really does rotate, however, but very slowly, 
and just making a complete turn in the 27} days required 
to perform a revolution, that is to say, the moon’s rotation 
and revolution periods are of the same length. It is some- 
what difficult to convince people that the moon rotates, while, 
at the same time, we own that the other side is never seen. 
A simple experiment should dispel the doubt Place a 
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globe or a ball of some kind upon a table to represent the 
earth, and near the wall of the room let a lighted lamp 
stand for the sun. Now walk round the table, keeping your 
face to the globe upon it, in the manner that the moon 
revolves round the earth. When on one side of the table 
you will face the lamp ; when on the opposite side your 
back will be towards it. For this to occur, you must have 
turned half round in walking half the distance round the 
table. Make the other half of the journey, and you will 
again face the sun, having performed a rotation as well as a 
revolution. The same thing can be tangibly illustrated by 
tying one end of a long piece of thread to a button on the 
waistcoat and the other end to the lamp, and then walking 
round the globe as before. At the end of the journey, the 
thread will be found to encircle the body, thus clearly 
proving that the revolution has been accompanied by a 
rotation. 

Sometimes we are able to see over the moon’s north pole, 
and at other times a little beyond the south pole. Also 
twice a month we are able to see slightly round the moon’s 
east and west edges. And further, rotation of the earth 
causes us to see the moon from different points of view. 
When she is rising, we look slightly over one edge, and at 
the time of setting we peer slightly over the opposite edge. 
These oscillations of the circle of illumination on the lunar 
surface are termed “Iterations.” On account of their exist- 
ence, fifty-nine per cent, of the moon’s surface is visible at 
one time or another. The remaining forty-one per cent, is 
never seen by us, though it is illuminated by the sun like 
other parts of the surface. It is possible, and, indeed, very 
probable, that the unseen part of the moon is entirely different 
in structure from the part turned towards us. 

Galileo, in giving an account of the celestial wonders 
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which had been revealed to him by means of the telescope, 
speaks first of the surface of the moon. Even in his small 
telescope our satellite appeared a beautiful object. In every 
age, dark markings had been seen discolouring the moon’s 
face, but Galileo found numerous smaller spots never before 
seen by man. The words in which the father of physical 
astronomy states his first observations are full of interest. 
Galileo’s “Sidereal Messenger: Unfolding Great and Mar- 
vellous Sights, and Proposing them to the Attention of Every 
One, but especially Philosophers and Astronomers,” was 
published in 1610. The following extract is trom Mr. 
Carlos’ translation : — 

“ On the fourth or fifth day after new moon, when the 
moon presents itself to us with bright horns, the boundary 
which divides the part in shadow from the enlightened part 
does not extend continuously in an ellipse, as would happen 
in the case of a perfectly spherical body, but is marked out 
by an irregular, uneven, and very wavy line, for several 
bright excrescences, as they may be called, extend beyond 
the boandary of light and shadow into the dark part, and 
on the other hand pieces of shadow encroach upon the 
light ; nay, even a great quantity of small blackish spots, 
altogether separated from the dark part, sprinkle everywhere 
almost the whole space which is at the time flooded with 
the sun’s light, with the exception of that part alone which 
is occupied by the great and ancient spots. I have noticed 
that the small spots just mentioned have this common char- 
acteristic always, and in every case that they have the dark 
part towards the sun’s position, and on the side away from 
the sun they have brighter boundaries, as if they were 
crowned with shining summits. Now we have an appear- 
ance quite similar on the earth about sunrise when we 
behold the valleys, not yet flooded with light, but the moun- 
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tains surrounding them on the side opposite to the sun 
already ablaze with the splendour of his beams ; and just 
as the shadows in the hollows of the earth diminish in size 
as the sun rises higher, so also these spots on the moon lose 
their blackness as their illuminated part grows larger and 
larger. Again, not only are the boundaries of light and 
shadow in the moon seen to be uneven and sinuous, but, 
and this produces still greater astonishment, there appear 
very many bright points within the darkened portion of the 
moon, altogether divided and broken off from the illumin- 
ated crust, and separated from it by no inconsiderable in- 
terval, which, after a little while, gradually increase in size 
and brightness, and after an hour or two become joined on 
to the rest of the bright portion, now become somewhat 
larger, but, in the meantime, others, one here and another 
there, shooting up as if growing, are lighted up within the 
shaded portion, increase in size, and at last are linked on to 
the same luminous surface, now still more extended. Now 
is it not the case on the earth before sunrise, that while the 
level plain is still in shadow, the peaks of the most lofty 
mountains are illuminated by the sun’s rays ? After a while 
does not the light spread further, while the middle and 
larger parts of those mountains ari becoming illuminated ; 
and, at length, when the sun has risen, do not the illumin- 
ated parts of the plains and hills join together? The 
grandeur, however, of such prominences and depressions in 
the moon seem to surpass both in magnitude and extent the 
ruggedness of the earth’s surface.” 

The description accurately represents and explains what 
is seen when the moon is viewed through a small telescope 
at the present time. Galileo, and other observers following 
him, looked upon the moon as another earth, of which “ the 
brighter portion may very fitly represent the surface of the 
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land, and the darker the expanse of water.” Though this 
idea is now known to be erroneous, the large dark patches 
retain the name of “ seas.” 



Fig. 14. — Reduced copy of r photograph of thr moon taken at the Lick 
Observatory. Irttrcrteo telescopic view. 

The features of the lunar surface are conveniently grouped 
into five classes. There are craters which more or less re- 
semble in appearance the craters of terrestrial volcanoes ; 
the plains, covering about one half of the moon’s visible sur- 
face ; the mountain formations, analagous in some respects 
to the mountain ranges of the earth ; rills or clefts which 
frequently run like deep trenches through plains and moun« 
tains for many miles, and bright streaks which radiate from 
some of the craters and are unlike anything on the earth. 

The word “ crater ” is used to designate the circular cups 
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or cavities with which the moon’s surface is pitted. They 
vary considerably in size, some being a hundred miles in 
diameter, while others are so small that they can only just 
be seen under the best conditions. But a family likeness 
runs throughout all of them. Each consists of a rampart or 
ring, rising sometimes to a height of three or four miles 
above the surrounding surface. Near the centre of the 
areas embraced by these circular walls, one or more conical 
peaks usually occur. In some craters, the peaks rise high 
above the inside level, known as the crater-floor ; others are 
lower; only traces of central cones are seen in many craters, 
and there are craters having no mountain peaks at their 
centres. 

Though lunar craters bear a general resemblance to the 
mouths of terrestrial volcanoes, there is one material differ- 
ence between them. The floors of craters of volcanoes on 
the earth are generally above the level of the neighbouring 
country, while on the moon they are depressed below the 
level of the outside surface, the distance from the top of the 
rampart to the plateau within being frequently twice as great 
as that from the top to the bottom on the outside. 

The origin of lunar craters is still a vexed question. One 
would conclude by analogy that the forces which cause 
volcanic eruptions on the earth have been at work on the 
moon. And when it is remembered that the intensity of 
gravitational attraction on our satellite is but one-sixth that 
on the earth, it can be understood that the ejected rock 
would be carried to a much greater distance from the vent 
than is the case with terrestrial volcanoes. The late Mr. 
Nasmyth made some valuable suggestions as to the mode of 
formation of lunar craters and walled plains. A lunar volcano 
in full activity could eject materials with such a force that they 
would reach the surface at a distance of several miles from 
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the pipe, and pile up a large rim round it. In the case of a 
volcano in feeble activity, the ejected rock would not be 
carried so far, so a rim of small diameter would be built up. 
As the volcanic action died out, fragments of rock would be 
so feebly ejected that they would fall round the vent and 
build up the central cone which characterises a normal lunar 
crater. Lava, or molten rock, might then pour out and more 
or ltss submerge the cone. Indeed, it is possible that the 
flow may continue until the central cones are overtopped 
and the molten rock reaches nearly to the rim of the crater. 
All these stages are represented by actual lunar formations. 
There are, however, many objections to this simple explan- 
ation, the chief being that there is no eviderce of water on 
the moon. Some astronomers and geologists favour the 
idea that the craters must have been produced by the bom- 
bardment of masses of rock when the moon was in a viscous 
condition. 

That the moon has practically no atmosphere is evidenced 
by several facts. In the first place the edge of our satellite 
is as bright and sharp as other parts of the disc, whereas if 
an atmosphere existed, it would be dim and hazy ; and 
secondly, the shadows on the moon are always seen perfectly 
defined and black. Further, when the moon comes between 
us and a star, the latter disappears in an instant behind the 
sharp edge, and does not become slowly obscured as it would 
do if a lunar atmosphere came in front of it before the solid 
surface of the moon. 

The temperature of the moon’s surface must vary between 
very considerable limits. For about a fortnight the sun’s 
beams beat upon the land untempered by any atmosphere. 
There is no vaporous blanket to soften the light and heat, 
or to prevent its loss from the lunar surface. And, as a 
result, it is found that the sunlit surface loses its heat so 
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rapidly that it is never above the temperature of freezing 
water. For about fourteen days the sun never shines on one 
side of the moon, and then the temperature must fall to a de- 
gree compared with which our Arctic regions would be tropi- 
cal. Mr. Nasmyth remarks, “Among the consequences 
of the alternations of temperature to which the moon’s 
crust is thus exposed are doubtless more or less considerable 
expansions and contractions of the surface material, and we 
may conceive that a cracking and crumbling of the more 
brittle constituents would ensue, together with a grating of 
contiguous but disconnected masses, and an occasional dis- 
location of them. We refer again to these phenomena to 
remark that, if an atmospheric medium existed they would 
be attended with noisy manifestations. These are abundant 
causes for grating and crackling sounds, and such are the 
only source of noise upon the moon, where there is no 
life to raise a hum, no wind to murmur, no ocean to brim 
or foam, and no brook to splash. Yet even these crust 
cracking commotions, though they might be felt by the 
vibrations of the ground, would not manifest themselves 
audibly, for without air there can be no communication 
between the grating or cracking body and the nerves of 
hearing. Dead silence reigns on the moon ; a thousand 
cannons might be fired and a thousand drums beaten upon 
that airless world, but no sound would come from them : 
lips might quiver and tongues essay to speak, but no action 
of theirs could break the utter silence of the lunar scene.” 

Lunar Statistics. 

Diameter of moon, 2,163 miles, B of the earth. 

Surface of moon, 14,657,000 square miles, TB ? TT of the 
earth* 
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Solid contents of the moon, 5,276,000,000 cubit miles, 
eart h- 

Mass of moon, 73 million tons, of the earth. 

Density of moon, \ of the earth. 

Density of moon compared with water, 3-44. 

Force of gravity at the moon’s surface, J of the earth. 
Average distance from the earth, 238,840 miles. 

Greatest distance from the earth, 252,970 miles. 

Least distance from the earth, 221,617 miles. 

Length of a lunar month, 29 days, 12 hours, 44 minutes, 27 
seconds. 

Length of a sidereal month, 27 days, 7 hours, 43 minutes, 
u*5 seconds. 

Area of the moon never seen, 41 per cent. 

Area visible at various times, 59 per cent. 

Inclination of axis to ecliptic plane, 87° 25' 51". 

Inclination of orbit to ecliptic plane, $° 8'. 

Length of the Saros or eclipse period, 223 months, or 6,585^ 
days. 

The light of about 600,000 full moons would be required to 
equal the light of the sun. 

The temperature of the moon’s surface is never above 32* 
Fahr., and for days together is far below it. 



CHAPTER V. 


THE SUN’S FAMILY OF PLANETS. 

The planets are the earth’s brothers and sisters, and the sun 
rules over all with despotic authority. Each planet is eager 
to escape into outer space, but the sun keeps a tight rein, 
and curbs the restive spirit. Should “ the tie that binds ” 
be broken, each member of our little family group would 
take walks in life very different from those they now pursue. 
But they are exercised into moving “decently and in order,” 
and celestial anarchy is prevented by the firmness of the rule. 

The nearest planet to the sun is Mercury, “ the swift 
messenger of the gods,” and remarkable for the vivacity of 
his motions. Then comes the bright and beautiful Venus. 
The earth follows. At a still greater distance Mars, “ ruddy 
and awful,” runs his race. Beyond him, our big brother 
Jupiter makes his stately march. And next Saturn moves, 
while “ his steadfast shade sleeps on his luminous ring.” 
Uranus, the father of Saturn, has a path suitable to his dig- 
nity, and last of all comes Neptune, moving in the infinite 
ocean of space. 

The number of miles each planet is distant from the sun, 
and other numerical facts concerning the members of our 
system, are tabulated at the end of this chapter. It is suffi- 
cient here to give illustrations which will enable the relative 
dimensions to be grasped. 

The earth is approximately eight thousand miles in 
diameter. Let us represent this by one foot and construct 
an imaginary solar system on the scale of one foot to eight 
thousand miles. St, Paul’s Cathedral in London is known 
a mighty structure, and its dome, more than one 
bundrfedjeet in diameter, is a fitting representation of a 
73 
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hemisphere of the sun. Mercury would be proportionally 
represented by a baby's head at Chancery Lane ; Venus, by 
a globe rather less than one foot in diameter revolving in a 
path at the distance of Charing Cross from the cathedral 
dome ; the earth by a one-foot globe situated at Bucking- 
ham Palace ; and the moon a cricket ball circling round her 
at a distance of thirty feet. Mars, a man’s head, travelling 
in a circle having for its radius the distance from St. Paul’s 
to South Kensington Museum ; the minor planets or aster- 
oids, small shot, revolving at the distance of Hammersmith ; 
the radius of Jupiter’s orbit would be just beyond Richmond, 
the planet itself being a globe eleven feet in diameter ; 
Saturn, a nine-foot globe would be at Staines, near Windsor, 
and would move round St. Paul’s at this distance ; Uranus 
would be a four foot globe at Reading ; and Neptune, a 
globe four and a half feet in diameter, would have for the 
radius of his orbit the distance from London to Oxford- 
This is an accurate plan of the orbits of the planets and the 
sizes of the bodies themselves. On the scale adopted, 
namely, one foot to eight thousand miles, the nearest star has 
a distance of 500,000 miles. Sir John Herschel, in his 
“ Outlines of Astronomy,” gives the following illustration of 
the relative magnitudes, distance, and velocities of the 
planets. “ Choose any well-levelled field or bowling-green. 
On it place a globe, two feet in diameter, this will represent 
the sun ; Mercury will be represented by a grain of mustard 
seed, on the circumference of a circle 164 feet in diameter 
for its orbit ; Venus a pea, on a circle of 284 feet in diameter; 
the earth also a pea, on a circle of 43c feet ; Mars a rather 
large pin’s head, on a circle of 654 feet ; the asteroids, 
grains of sand, in orbits of from 1,000 to 1,200 feet; Jupiter 
a moderate-sized orange, in a circle nea r ly half a mile across; 
Saturn a small orange, on a circle of four-fifths of a mile ; 
Uranus a full-sized cherry, or small plum, upon the dreum- 
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ference of a circle more than a mile and a half; and Neptune 
a good-sized plum, on a circle about two miles and a half in 
diameter. As to getting correct notions on this subject by 
drawing circles on paper or, still worse, from those very 
childish toys called orreries, it is out of the question. To 
imitate the notions of the planets in the above-mentioned 
orbits, Mercury must describe its own diameter in 41 
seconds; Venus in 4 minutes 14 seconds; the earth in 7 
minutes ; Mars in 4 minutes 48 seconds; Jupiter in 2 hours 
56 minutes ; Saturn in 3 hours 13 minutes; Uranus in 2 
hours 16 minutes; and Neptune in 3 hours 30 minutes.” 

The comparative diameters of planets can be graphically 
shown by lines of different lengths. A square constructed 
on each line represents relatively the area of the planet’s 
surface, and a cubical box having sides equal in length to 


the diameter ex- 
hibits the propor- 
tional volume 
or bulk. A 
single diagram 
constructed i n 
this manner 
shows at a glance 
the relative dia- 
meters, surface 
areas, and cubi- 
cal contents of 
the eight large 
planets. 

The so-called 
weight of the 
earth is 6,000 



Fig. 15. — The relative diameters, surface areas, and 
cubical contents of the eight large planets. 


millions of millions of millions of tons. If we represent 
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this inconceivable quantity by a weight of one pound, the 
mass of the sun would be 150 tons ; Jupiter, 310 pounds ; 
of Saturn, 93 pounds ; of Neptune, 17 pounds ; of Uranus, 
14 pounds ; of Venus, 13 ounces ; of Mars, 1 J ounces ; of 
Mercury, 1 ounce ; and of the moon, rather more than 3 
drams. It will be seen from this that the sun considerably 
outweighs the planets, in fact, his mass is seven hundred 
and fifty times greater than all the planets put together. 



Pig 16. — Comparative masses of the moon and planets. 


A planet’s size and its mass determines the intensity of 
gravitational attraction at its surface. On this account, the 
same body, if weighed in a spring balance, would appear to 
have different weights on different planets. A man weigh- 
ing 12 stone on the earth would weigh two tons on the sun, 
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28 stone on Jupiter, 14 stone on Saturn, 10 stone on 
Venus, Neptune, and Uranus, 5 on Mercury and Mars. 2 
on the moon, and a few ounces on an average asteroid. 

The mean density of a planet signifies the density taken 
as a whole. Thus, the rocks on the earth’s surface are, on 
the average, about two and a half times heavier than equal 
bulks of water ; they increase in density right down to the 
earth’s centre, where the materials must weigh nine or ten 
times more than equal bulks of water, and the average from 
the surface to the centre is five and a half. Instead of ex- 
pressing the mean densities numerically, substances having 
different heavinesses are here given, as this affords a better 
means of grasping the actual facts. Mercury has a mean 
density equal to that of zinc, that is, the planet weighs the 
same as a globe of zinc of the same size. The density of 
the earth is equal to that of arsenic or one-half that of lead, 
of Venus to iron pyrites, of Mars to ruby, of the moon to 
flint-glass, of Jupiter and the sun to anthracite coal or dry 
sand; Uranus has about the density of amber, Neptune of 
boxwood, and Saturn of walnut-wood. 

The planets have many common characteristics. They 
all travel round the sun in nearly the same plane, and if we 
could view our system from the pole star, the direction of 
motion would be seen to be opposite to that in which the 
hands of a clock move. Each planet waltzes along its orbit, 
the direction of spin being the same as that of the onward 
motion, and the satellites (excepting those of Uranus and 
Neptune) also revolve in this direction. But just as the 
different members of a family possess peculiarities of char- 
acter and features, so do the individual planets ; and with 
these planetary physiognomies we now intend to deal. 

Mercury is a 14 will-o’-the-wisp ” planet. He moves at the 
average rate of nearly thirty miles per second, that is, about 
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eighteen hundred times faster than an express train. It is 
only possible to see the planet shortly before sunrise or 
after sunset, and in our latitudes he is generally lost 
in the mists of the horizon. Near the equator, however, 
he is quite a conspicuous object, though always near the 
sun. 

Viewed telescopically, Mercury is found to pass through 
phases like the moon. He also occasionally comes straight 
between the earth and the sun, and is then seen as a small 
black spot crossing the solar disc. 

Owing to the proximity of Mercury to the sun, the light 
and heat received on a unit of surface is much greater than 
on the earth, and it varies considerably throughout the year 
of eighty-eight days. The sun is three million miles farther 
from the earth in our summer than in winter. But this 
is only a small fraction of the total distance, and the varia- 
tion of the sun’s light and heat due to this cause is noticed 
with difficulty. The path of Mercury is much less circular 
than that of the earth ; indeed, it is so strongly elliptical that 
in one part of the orbit the planet is fourteen million miles 
nearer the sun than when at the opposite point. On this 
account, the intensity of solar radiation on the planet must 
change enormously during a revolution. If Mercury has 
a dense atmosphere, the blaze of sunlight must be softened 
in traversing it, as it is with us, but the evidence so far ob- 
tained indicates that the envelope is not so dense as that 
which surrounds the earth. 

No conspicuous markings are visible upon the surface of 
Mercury, so the character of the planet cannot be read with 
any degree of certainty. By observing the movements of 
spots upon the face of a planet, the time of rotation is ob- 
tained, as in the case of the sun. The indistinctness of 
the markings on Mercury renders the determination of 
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his rotation period difficult. In 1889, a well-known Italian 
observer, Schiaparelli, announced that Mercury has always 
the same hemisphere turned towards the sun, like the 
moon to the earth, in which case both rotation and 
revolution are accomplished in eighty eight days. Other 
astronomers claim that the planet rotates in about twenty- 
four hours, and the question is still sub judict . 

That beautiful gem of the sky — the planet Venus — has 
attracted the attention of all. When visible near Christmas 
time, this peerless planet has been apostrophised as the “ Star 
of Bethlehem ” by many people, though there is no reason to 
believe that this was the object seen by the wise men of the 
East. 

Like Mercury and the moon, Venus is seen differently 
illuminated at different times, according as we view the 
bright surface from different aspects. Galileo was the first 
observer of these changes, and he notified the discovery in 
an anagram to Kepler, which read, 

44 Haee immatura a mi jam frustra liqunter.” 

These letters, when reduced to their proper order, form 
the sentence, 

44 Cynthia r fi gurus cemulatur mater arnorum .” 

44 1'he mother of the Lores rivals the phases of Cynthia 

That is, 

44 Venus imitates the phases of the moon.” 

We cannot resist giving an extract from the letter in 
which Galileo gives Kepler an account of his observations, 
again using Mr. Carlos’ translation. “You must know,” 
wrote the originator of physical astronomy, 44 that about 
three months ago, when the star of Venus could be seen, I 
began to look at it through a telescope with great attention, 
so that I might grasp with my physical senses an idea 
which I was entertaining as certain. At first, then, you 
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must know the planet Venus appeared of a perfectly circular 
form, accurately so, and bounded by a distinct edge, but 
very small ; this figure Venus kept until it began to ap- 
proach its greatest distance from the sun, and, meanwhile, 
the apparent size of its orb kept on increasing. From that 
time it began to lose its roundness on the eastern side, 
which was turned away from the sun, and in a few days it 
contracted its visible portion into an exact semicircle ; 
that figure lasted without the smallest alteration until it 
began to turn towards the sun, when it leaves the tangent 
drawn to its epicycle. At this time it loses the semicircular 
form more and more, and keeps on diminishing that figure 
until its conjunction, when it will wane to a very thin cres- 
cent. After completing its passage past the sun it will 
appear to us, at its appearance as a morning star, as only 
sickle-shaped, turning a very thin crescent away from the 
sun ; afterwards the crescent will fill up more and more 
until the planet reaches its greatest distance from the sun, 
in which position it will appear semicircular, and that 
figure will last for many days without appreciable variation. 
Then by degrees, from being semicircular it will change to 
a full orb, and will keep that perfectly circular figure for 
several months ; but at this instant the diameter of the orb 
of Venus is about five times as large as that which it showed 
at its first appearance as an evening star/’ 

“ From the observation of these wonderful phenomena we 
are supplied with a determination most conclusive, and 
appealing to the evidence of our senses, of two very im- 
portant problems, which up to this day were discussed by 
the greatest intellects with different conclusions. One is 
that the planets are bodies not self-luminous (if we may 
entertain the same views about Mercury as we do about 
Venus). The second is that we are absolutely compelled to 
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say that Venus (and Mercury also) revolve round the sun, 
as do also all the rest of the planets. A truth believed, 
indeed, by the Pythagorean school, by Copernicus, and by 
Kepler, but never proved by the evidence of our senses, as 
it is now proved in the case of Venus and Mercury.” 

It follows from these facts that Venus must sometimes 
come between the earth and the sun, and like Mercury be 
seen projected upon the solar disc as a dark spot. These 
“transits of Venus” have been observed, and are important 
because they furnish a means of determining the distance 
of the sun from the earth. 

Venus is so gloriously bright that the blemishes on her 
face can hardly be distinguished. White patches have been 
seen by some observers round what are supposed to be the 
planet’s poles, and it is possible that they are regions of ice 
and snow such as exist round the earth’s poles. A number 
of dusky markings have also been detected. 

The rotation period is still a moot point. Until 1889 
it was said to be about twenty-four hours, but Schiaparelli 
has questioned the observations which assign this time of 
spin to the planet. His scrutiny of the features of Venus 
had led to the conclusion that the rotation takes place in 
225 days, this being also the period of revolution round the 
sun. According to this, portions of the surface of Venus 
(and Mercury also) are never exposed to sunlight. At 
present, however, the balance of evidence favours the old 
period of about twenty-four hours. 

There is no doubt that Venus has an atmosphere. The 
thin ring of light seen round the planet, just previous to a 
transit, is clear evidence of its existence. The atmosphere 
is probibly twice as dense as our own. The spectroscope 
shows that one of its constituents is water — vapour, as, in. 
deed, it also does in the case of Mercury. 


r 
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Neither Mercury nor Venus commands the attention nor 
directs the motions of a satellite. 

An “opposition of Mars” occurred in August, 1892, 
and an unusual amount of interest was taken in it by the 
general public. When a superior planet, that is, a planet 
with its orbit outside the earth’s orbit, is on the same side 
of the sun as the earth, and the three bodies are exactly in 
a line, it is due south at midnight, and is said to be in op- 
position. Now, planetary orbits are not concentric; if they 
were, the distance of a planet at an opposition would always 
be the same. Mars deviates considerably from this uni- 
formity. If opposition occurs when he is at his greatest 
distance from the sun, the span of space between him and 
the earth amounts to more than sixty millions of miles ; if, 
however, he is at his nearest approach when the earth comes 
between him and the sun, the distance from us to our ruddy 
brother may only be thirty-five million miles. When the 
latter conditions are approached the opposition is favour- 
able, for astronomers have then the best opportunity of 
studying the planet. A favourable opposition occurred in 
August, 1892, and another will happen in 1894. 

Venus approaches the earth closer than any other planet, 
but, as has been remarked, the markings are very faint and 
indistinct, owing to the dense atmosphere which enshrouds 
her. Mars is the next planet which approaches us within a 
reasonable distance, and he does so without the disadvan- 
tages which accrue to an inferior planet like Mercury or 
Venus. The result is that the features of the God of War 
have been delineated over and over again. The “ scars 
and patches ” on the face of Mars are of three kinds. 
Areas of a reddish shade predominate and are supposed to 
represent land surfaces, while regions of a greenish tinge are 
considered to be water. Accepting these interpretations, it 
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will be seen that Mars has more land than water, whereas 
on the earth, the reverse is the case. Round the Martian 
poles are white patches or ice-caps similar to those covering 
the polar regions of the earth. There is little doubt that 
these really represent masses of snow and ice ; and for this 


South. 



North. 

Fig, j- _A view of Mars, from a drawing by Schiaparelli. 


reason. When it is summer in the northern hemisphere of 
Mars, the northern ice cap contracts, owing doubtless to the 
melting of the ice ; and at the same time, the ice-covered 
region in the southern hemisphere increases in extent. 
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Conversely, during the southern summer, the southern ice- 
cap diminishes and the northern one increases in size. 

The above-described markings are observable by an 
ordinary astronomer using a telescope five or six inches in 
diameter. Markings of a temporary character sometimes 
obscure parts of the planet’s disc, and are regarded as 
clouds. The atmosphere cannot be anything like as dense 
as the earth’s. In 1877, Schiaparelli, one of the most perspic- 
uous observers, detected a number of straight streaks cross- 
ing the land surface of Mars in all directions, and sometimes 
for thousands of miles. The streaks have received the un- 
fortunate appellation of “ canals,” and this, of course, sug- 
gests that they have been formed artificially. “ Channels ” 
is a much more appropriate name. The astronomical world 
was again startled by Schiaparelli announcing that he had 
seen some of the channels double. More than one ob- 
server has stoutly denied the existence of such markings as 
those mapped by the Milan astronomer. But on the whole, 
the usual and photographic observations made during the 
opposition of last year go to confirm Schiaparelli’s work. 
No one has mapped anything like the details given by this 
astronomer, but the existence, and even the doubling, of 
certain channels has been substantiated. The markings on 
Mars are permanent and definite, therefore the period of 
rotation can be accurately determined. It is found to be 
24 hours, 37 minutes, 22 seconds. The Martian day is 
thus only slightly longer than our own. By observing the 
paths pursued by the spots, the equator of Mars is found to 
be inclined to the plane of revolution, which is only two de- 
grees more than the inclination of the earth’s equator to 
the plane of the ecliptic. For this reason, the seasons on 
Mars are probably very similar to those of the earth. 

Mars has two satellites, first mentioned by Dean Swift, in 
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“ Gullivers Travels,” published in 1726. When describing 
the works of the astronomers on the island of Laputa, 
Gulliver is made to say, “ They have likewise discovered two 
lesser stars or satellites, which revolve round Mars, whereof 
the innermost is distant from the centre of the primary 
planet exactly three of its diameters, and the outermost 
five ; the former revolves in the space of ten hours, and the 
latter in twenty-one and a half.” By a most remarkable 
coincidence, Swift not only guessed the number of the 
satellites correctly, but in causing one to move round the 
primary in less time than the planet itself rotates, he pro- 
phesied what would be deemed impossible at the present 
time if it were not proven by actual facts. Professor Hall 
discovered the two satellites of Mars in 1877, using the 
Washington telescope, having an object-glass, twenty-six 
inches in diameter. They are two of the faintest bodies in 
our system, and can only be seen by acute observers with 
large telescopes. Phobos and Dcimos are the names by 
which the satellites are known. Phobos is less than four 
thousand miles from the surface of Mars, and makes more 
than three revolutions w’hile the planet rotates once; Deimos 
is about three times farther removed from the surface, and 
takes thirty hours to perform a revolution. 

The distances of the planets from the sun are connected 
by a simple relation. If we write the series of numbers 
o, 3, 6, 12, 24, 48, 96 (every number except the second 
being double that preceding it), and add 4 to each, the 
series 4, 7, 10, 16, 28, 52, 100, is obtained. For an ex- 
plained reason this series represents very closely the 
relative distances of planets from the sun. In fact, taking 
the distances of the earth as unity, the comparative dis- 
tances of planets are, Mercury, 0*4; Venus, 07; Earth, ro; 
Mars, i*5; ,2 8; Jupiter, 5*2; Saturn, 9 5. This 
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is known as Bode’s Law. When the law was published it 
was pointed out that the actual series of planetary dis- 
tances did not exactly correspond to the series arrived at 
numerically. No planet was known to revolve round the 
sun between Mars and Jupiter, so the number 28 was not 
represented in actuality. All the other numbers fit the 
planetary distances so nicely that astronomers at length 
concluded that a planet must exist to fill the gap in the 
series, and it only w-anted discovering. A band of ob- 
servers, therefore, decided to search for the unknown body. 
But before the work had well begun, on the first night of this 
century, Piazzi, of Palermo, discovered a new planet, and 
named it Ceres. Further observations enabled the path of 
the new body to be calculated, and the distance from the 
sun was found to be very nearly 2 ’8 times the earth’s 
distance. The vacancy would therefore seem to be filled, 
though by a body far smaller than any of the other 
members of our system. But a year later another small 
planet w’as discovered by Olbers, and named Pallas, its dis- 
tance being about the same as thu of Ceres. In 1804 and 
1807, two more were “picked up” as they strayed along 
the ecliptic, and named J uao and Vesta. Encke discovered 
the next in 1845. Since then the list of “ minor planets” 
or “ asteroids ” has been steadily growing, and the cry is, 
“ Still they come.” The number now known is 370, as 
many as twenty-seven having been discovered in 1892. 

Little is known about the asteroids, except that they are 
very small. The largest, Vesta, is just visible to the naked 
eye, and has a diameter of less than three hundred miles, 
and Ceres, Pallas, and Juno, are probably about half this 
size. The rest are extremely small, and quite invisible 
except in moderate-sized telescopes. 

The simplest theory of the origin of the asteroids is that 
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they are parts of an exploded planet For reasons into 
which we cannot now enter, this theory is improbable. A 
better one is that the bodies represent the materials which 
would have formed a single planet had it not been 
“ spoiled in the making ” by some disturbing influence. 

Jupiter, the giant planet, now claims our attention. 
With the exception of the minor planets, the bodies so far 
described are more or less like the earth ; they are there- 
fore termed “terrestrial ” planets. From Jupiter outwards, 
however, we deal with quite a different class of bodies, all 
much larger than the terrestrial planets, and all less dense. 

On the 7th day of January, 1610, Galileo discovered that 
Jupiter had a retinue of four satellites, which were to him 
what the moon is 
to the earth. “In 
thiscircumstance” 
argued he, “ we 
have a noteable 
and splendid argu- 
ment to remove 
the scruples of 
those who can 
tolerate the re- 
volution of the 
planets round the 

sun in the Coper- Vi S- 18. — Galileo's observations of the positions of 
. Jupiter's satellites with respect to the planet from 

mean system, yet Jan. 7th to Jan. 17th, i6»o. 

are so disturbed by the motion of our moon round the 
earth, while both accomplish an orbit of a year’s length 
about the sun, that they consider that this theory of the 
constitution of the universe must be upset as impossible ; 
for now we have not one planet only revolving about 
another, while both traverse a vast orbit about the sun, but 
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our sense of sight presents to us four satellites circling 
about Jupiter like the moon about the earth, while the 
whole system travels over a mighty orbit about the sun in 
the space of twelve years.” 

In 1892, nearly 283 years after Galileo's observations, 
Prof. Barnard discovered a fifth body revolving round 
Jupiter at a less distance than the nearest of the other 
satellites. The instrument, by means of which the dis- 
covery was made, was the 36-inch of the Lick Observatory. 
The new body is so near to Jupiter that it is almost 
smothered in the glare from his disc, and is therefore ex- 
tremely difficult to see. 

Jupiter is covered with markings, the most conspicuous 
of which are dark bands running parallel to the planet’s 
equator, and known as “ belts.” Other spo.s and markings 
of a variety of tint are distributed over the surface, and 
make the planet a beautiful object in the telescope. 

Jupiter rotates once in about ten hours, that is, makes 
nearly two and a half turns in one of our days. A conse- 
quence of this extremely rapid rate of spin is a considerable 
polar depression. The period is not determined, however, 
with such exactness as obtains to Mars, the reason being 
that the spots are not permanent features on a solid surface, 
but masses of cloud and vapour and breaks in them, many of 
which rapidly change in character. In 1878, a large “ red 
spot” became conspicuous in Jupiter’s southern hemisphere, 
and is still to be seen on the planet. What the spot 
exactly is no one can definitely say. Some observers 
consider that it represents a part of the planet’s solid sur- 
face seen through a break in the clouds, but the prevailing 
opinion is that it is a mass of vapour. If the former idea 
were correct, all the coppery-coloured tints are probably 
more or less solid surfaces, and the greyish tones may be 
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water, the changes of tint being produced by variations in 
the Jovian atmosphere. There is no doubt whatever that 
this atmosphere exists, and contains a large amount of 
vapour, which is condensed into clouds like those of the 
earth. Of “ mighty rushing winds ” there is also clear evi- 
dence. 

At the distance of Jupiter, solar radiation is twenty-seven 
times less intense than at the earth’s distance. This amount 



Fig. 19.— Inverted telescopic view of Jupiter, from a drawing by Professor 
Keeler. The small disc in the bottom right-hand comer shows the 
comparative sire of the earth. 


is too small to produce the rapid and frequent changes which 
are observed in the planet’s appearance, hence it is inferred 
that it possesses a large amount of original heat, though it 
is not to ahy appreciable extent incandescent. The low 
mean density of the planet, and the rapidity with which it 
rotates, gives support to this idea. 

As to the physical condition of Jupiter we can only 
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speculate. A small solid nucleus may be surrounded by a 
very deep atmosphere, or, and this is more likely, a semi- 
fluid globe may b2 enveloped in dense clouds and vapour. 
It is certain that the changes observed are chiefly of an 
atmospheric character, and that some markings are below 
others, but “ nobody knows ” whether the surface has been 
seen or not ; indeed, it is doubtful whether any real surface 
exists at all. 

Proceeding from the sun, Saturn is the next planet en- 
countered. To the naked eye this object at its best appears 
only like an ordinary star, but the telescope has revealed a 
fact which makes it one of the most interesting in the 
heavens, and by far the most remarkable member of our 
system. When Galileo first observed Saturn he thought he 
could distinguish two small companions almost touching the 
surface of the planet, and made the announcement, “ I have 
observed the most distant of the planets to have a triple form.” 
As time went on the two attendants became smaller and 
smaller, and finally disappeared altogether. This worried 
the astronomer very considerably, for if he were mistaken on 
this point, all the observations he had made must be open to 
doubt. He pathetically remarks, “ I do not know what to 
say in a case so surprising, so unlooked for, and so novel. 
The shortness of the time, the unexpected nature of the 
event, the weakness of my understanding, and the fear of 
being mistaken, have greatly confounded me.” But Galileo’s 
eyes had not deceived him. After a time what was again 
supposed to be two small globes were seen to hold the 
planet between them. It was not until nearly half a century 
after Galileo’s observation that the true nature of these ob- 
jects was revealed. Huyghens then showed that Saturn was 
t unrounded by a ring-system. In the words of his announce- 
ment, “The planet is surrounded by a slender flat ring 
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everywhere distinct from its surface, and inclined to the 
ecliptic.” Cassini afterwards found that a dark line could 
be seen round the flat of the ring. This is not merely a 
marking but a separation between two concentric rings. 
Two hundred years later, in 1850, Professor Bond discovered 
a third ring nearer the planet than the others, and much 
more difficult to see. This is known as the “crape-ring,” 
a happy term which expresses the fine texture observed. 



Fig. 30. -Saturn in 1861, from a drawing by Wray. The [wo small 
bright sjiots arc two of Saturn’s satellites. 

Saturn travels round the sun with his flat rings inclined 
about twenty-eight degrees to the plane of the earth’s orbit. 
The result is that we sometimes see the northern side of 
the ring and sometimes the southern. Once in about 
fifteen years the plane of the rings passes through the sun, 
and only the edge facing the sun is then lit up. It was 
owing to these changes in the amount of illuminated surface 
visible that Galileo’s “globes ” disappeared, for they were not 
globes at all but the rings. Good telescopes then show 
what looks like two spikes, one on either side of the planet. 
The spikes are seen to be irregular in thickness, thus show- 
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ing that the rings are not uniform sheets. To understand 
the cause of the phases through which the rings pass, the 
student is recommended to place a lamp upon a table, and 
walk round it while a friend carries round a plate inclined 
to the level of the table, and always in the same direction. 
According to the relative positions of the student and his 
friend, the plate is sometimes viewed edgeways, sometimes 
squarely, and sometimes obliquely, just as is the case with 
Saturn. 

The outer ring of Saturn has a diameter of about 170,000 
miles, and the average thickness is less than 100 miles. 
Hence, even if the bright rings were solid concentric sheets 
of the strongest material with which we are acquainted, their 
vast extent and insignificant thickness would make them 
very flimsy, and comparable to a sheet of writing-paper 
round a large globe. But solid rings could not exist round 
a globe of Saturn’s dimensions, and a liquid ring would 
soon be broken up. The only form in which mathema- 
ticians will allow the rings to exist is by being composed of 
innumerable particles revolving round the planet like the 
asteroids round the sun. It can be proved that each 
member of a swarm of solid particles would be caused to 
revolve round Saturn in the plane of the equator, just as 
the rings are observed to do. 

Saturn is distinguished in other ways in addition to his 
marvellous rings. He has the least mean density of any of 
the planets ; indeed, he only weighs as much as a globe of 
walnut-wood of the same size, and would therefore actually 
float in water. The polar flattening is greater than any 
other planet. This follows as a consequence of the low 
density and the high velocity of rotation (about 10 J hours). 
Cloud-belts similar to the belts of Jupiter are seen, and the 
markings undergo changes, but not in the 4 'fast and 
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furious ” manner observed on Jupiter. Another fact which 
singles Saturn out from the other members of the sun’s 
family is that he has the largest number of attendants, 
namely, eight 

We have come to the end of the planets known to the 
ancients. The date of their discovery is anterior to any 
times of which we have any historic record. The first 
planet added to the list was found by Sir William Herschel 
in 1781. It is just visible to the naked eye at times, but 
not bright enough to attract any attention. Herschel was 
“searching the skies” when a strange-looking star attracted 
his attention, and after watching it for some time under 
different conditions, he decided that it was a comet. An 
announcement of the discovery was made, and other as- 
tronomers observed the object. It was soon found, how- 
ever, that the body did not move in a cometary path, and 
the conviction was gradually forced upon astronomers that 
it was a new planet. Such a thing had never been heard of 
before, for every astronomer had looked upon Mercury and 
Saturn as representing the Alpha and the Omega of the 
solar system. The name of Uranus was given to the planet, 
and when its orbit had been properly calculated, the mean 
distance from the sun was found to be nineteen times the 
earth’s distance, which agreed very well with the number 
given by B ode’s law. 

Very little is definitely known about Uranus. His mean 
density is about the same as the sun and Jupiter, that is, 
rather more than the density of water. The physical con- 
dition is probably -similar to that of Jupiter and Saturn, and 
there is clear evidence that the planet possesses inherent or 
original heat Owing to the indistinctness of the markings 
on the planet’s surface, the period of rotation has not been 
obtained. Faint belts have been glimpsed by some ob- 
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servers, and from their direction the position of the equator 
has been estimated. The poles must, of course, be at right 
angles to this position. But observations of polar com- 
pression locate the poles in quite a different position to that 
indicated by the cloud-belts. Both cannot be right, and 
since the markings are excessively faint, it is probable that 
the direction deduced from measures of the flattening is 
correct. 

Uranus has four satellites revolving round him in nearly 
circular orbits, and probably in the plane of the equator. 
The plane of the oibits is inclined about eighty degrees to 
the ecliptic, hence the satellites are seen almost at right 
angles to the ecliptic, instead of lying nearly in it, like those 
of the planets already described. More remarkable still is 
the fact that the direction in which the satellites move is 
the reverse of that possessed by all the planets and by the 
satellites to which reference has been made. 

Uranus had been assigned a place and name, and he was 
expected to behave like a respectable planet. Calculations 
were made on the assumption that he would do so, and 
the places he ought to occupy at particular dates were pre- 
dicted. But astronomers w^jre doomed to disappointment. 
Uranus was never to be found in exactly the proper place ; 
he was misguided by some unknown influence. 

In 1845, the deviation from the path ol rectitude had 
become so great that astronomers all agreed that something 
must be done to find the body which had Uranus under 
its control Science, and especially the science of 
astronomy, is nothing, if not exact The amount by which 
the real position of Uranus differed from the calculated 
position would be considered by most people as far too 
small to make a fuss about. A halfpenny viewed at a 
distance of fifty feet would cover the difference between the 
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two points. Two astronomers set to work to calculate the 
position of the disturbing body. One was a young and 
then unknown Englishman named Adams ; the other was 
a brilliant French mathematician, Leverrier. Each 
worker independently found where the controlling planet 
ought to be, and each communicated his results to an 
observer. Adams laboured under the double misfortune of 
being young and of having no locus standi in the astron- 
omical world. The result was that his calculations were 
hardly regarded seriously. Leverrier finished his investiga- 
tion after Adams, and sent to Dr. Galle, telling him where to 
look for the body which had been felt, but not seen. On 
the very night (September 23rd, 1846), and in less than 
half an hour after the search was commenced, the new 
planet was found close to the predicted place. 

This planet is known by the name of Neptune. Unlike 
the rest of the planets, its distance from the sun does not con- 
form to Bode’s law. At 30 times the earth’s distance, 
Neptune journeys round the sun, whereas Bode’s series 
previously mentioned (p. 85) would make the number 38. 

Next to Saturn, Neptune is the least dense of the planets. 
The period of rotation cannot be determined, owing to the 
absence of visible markings. In all probability the planet 
possesses inherent heat, and is in a similar vaporous con- 
dition to Jupiter, Saturn, and Uranus. One satellite has 
been found revolving round Neptune, its distance being 
about the same as that of Mars from the earth. The 
orbit is inclined considerably to the ecliptic, and in it 
the satellite moves in the same retrograde fashion as the 
Uranian satellites. 

Such are the general characters of the members of the 
system ruled over by the sun. 

The question of the habitability of the planets and 
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satellites is full of interest, but, unfortunately, we have no 
evidence uj?on the matter. It is hardly possible to con- 
ceive of life upon the sun, and certainly not life as we know 
it. Where iron and other metals are dissipated into vapour 
as easily as water upon the earth, terrestrial organisms 
could not exist. A lunar residence does not offer many 
advantages. Those who long for a quiet life would attain 
their desire upon our satellite, for, in the absence of an 
atmosphere no sound could be heard. But the climate is far 
from being equable, owing to the considerable range of tem- 
perature. Someone has fantastically suggested that the inha- 
bitants of the moon do not live upon the surface, but have 
burrowed towards the centre where warmer regions prevail. 
It is, of course, not impossible that a race should be created 
specially fitted to live upon the moon. To obtain informa- 
tion upon this point, it was proposed some years ago to 
erect immense triangles or circles upon plains or desert 
places of the earth. If there are lunarians, and they 
possess telescopes, our geometrical figures might be seen 
and replied to by setting up similar figures upon their own 
globe. Venus and Mars offer residences more congenial 
to us than the sun or moon. The former planet has an 
atmosphere rather denser than that of the earth, and there 
is very little difference between the sizes of the two globes. 
Though the intensity of solar radiations at Venus is about 
twice that received by the earth, the dense atmosphere 
would modify it very considerably. Indeed, so far as one 
can tell, many, if not most parts of Venus could be in- 
habited by human beings. 

During the opposition of Mars in 1892, a large amount 
of interest was manifested in the question as to whether the 
planet is peopled or not In many respects Mars is very 
similar to the earth. His day is about the same length, 
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and the seasonal differences are alike. We see markings 
supposed to be water, and others interpreted as land ; 
hence it seems as if our ruddy brother* offered “ desirable 
residences * to terrestrial beings. On the other hand, 
though Mars has an atmosphere in which water vapour is 
present, it is nothing like so dense as that of the earth. 
An astronomer on Mars would most probably be unable to 
see any of the features on the surface of the earth, owing to 
the vaporous envelope which surrounds us, whereas it is 
only rarely that clouds obscure any portion of the Martian 
surface. Various projects of signalling to Mars have been 
suggested, but it is not likely that any of them will be 
carried into effect for a number of years. If there are 
Martian people they must watch our earth with great 
interest, and probably point to it as the abode of love and 
peace, for it must be a beautiful object in their sky. When 
we see Mars at his best, however, the earth is invisible to 
the Martians. With the exception of Mercury, none of 
the remaining planets are in what we consider a fit condition 
of habitation, for each very probably consists of dense 
vapours surrounding a semi-fluid nucleus, and devoid of a 
crust like that of the earth. 
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CHAPTER VI. 

COMETS AND SHOOTING STARS. 

The sun and moon, and planets, are what may be termed 
well-behaved celestial bodies. They do nothing abruptly. 
The sun can be confidently expected to rise to-morrow 
morning and present his usual appearance ; we have faith 
that the moon will wax and wane in the future as she has 
done in the past, and that the planets will be found in their 
appointed places for many years to come. The regularity 
of these returns was observed long before the laws which 
govern them had been worked out, and men saw no 
cause to fear the bodies which conducted themselves in 
this “ highly respectable ” rhanner. Comets, on the other 
hand, have such rapid and apparently erratic motions that 
they have at all times struck terror into the hearts of 
people. They appear in the sky without harbingers of any 
kind , “ shake their horrid hair ” over the earth as they in- 
crease in brilliancy and magnitude, and apparently threaten 
the world with evil. Even in this enlightened century, great 
comets are viewed with feelings of awe and anxiety. No 
wonder, then, that in earlier days the appearance of a comet 
was regarded as a manifestation of divine wrath, and in the 
object itself heated imaginations saw forms of javelins and 
swords, dragons and demons, and burning flames. 

ioo 



COMETS AND SHOOTING STARS. IOI 

Many of the six or seven hundred comets recorded in 
historic time are associated by ancient chroniclers with 
terrestrial affairs. Shortly after the murder of Ctesar, a 
comet was seen, which the Romans imagined represented 
him deified. The immortal bard expresses the connection 
between the two events in the lines : — 


“ When l>eggars die, there are no comets seen ; 

The heavens themselves blare forth the death of princes.” 


Josephus records that a comet hung over Jerusalem 
while the city was being besieged by Titus, and “ in it/' 
says Pliny, “ one may see the image of God in human form.” 
An interesting comet also appeared in 1066. It was re- 
garded as a presage of the conquest of England by William 
of Normandy, and is figured in the Bayeaux tapestry. 

A remarkable comet appeared in 1 680, that is, just after 
the discovery of the law of gravitation. Newton had found 
that the motions of the known members of the solar system 
were completely accounted for by this universal law of 
attraction. The planets travel in elliptic orbits round the 
sun. True, the ellipses are of comparatively small 
eccentricity, that is, they only differ slightly from circles, 
but Newton proved that this form of orbit followed as a 
necessary consequence of the law of gravitation. He argued 
that since the law can explain one kind of elliptical motion, 
it ought to be applicable to ellipses of any eccentricity. A 
word of explanation is here necessary. 

A method of drawing an ellipse is illustrated in the 
accompanying figure. When the two pins are close together, 
the figure traced out by the pencil held in the loop of thread 
is hardly distinguishable from a circle. By increasing the 
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distance between the pins, ellipses of a more and more 
elongated form are produced, and if it were possible to 
place one of the pins at an infinite distance from the other, 
the beautiful geometrical figure known as parabola could be 
drawn. Hence, there is every gradation between an ellipse 
in which the two foci very nearly coincide, and a parabola 
in which the foci are separated by an infinite distance. We 
know that a body moving in an elliptical path traverses the 
track over and over again. A body moving in a parabolic 
orbit round the sun most behave very differently. It comes 
from outer space, swings round the sun in the focus of the 
curve, and then goes off never to return, for it can never get 



Fig. ai— The Construction of an Ellipse. 


round the other focus. Reasoning in this manner, Newton 
was led to the idea that comets moved in parabolic curves, 
and he selected the comet of 1680 to test its validity. 
Observations of the positions occupied by the comet at 
different dates during its appearance furnished the materials 
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from which the form of the path could be determined. 
When the calculations were completed, the path was found 
to be a parabola, and the line connecting the comet to the 
sun described equal areas in equal times, just as the most 
dignified planet. The apparently adventitious motions of 
comets were thus found to be reducible to law and order, 
and the decline of the superstitious dread in which the 
objects had been held began with Newton's discovery. 
Since that day two hundred or more comets have been 
found to move in parabolic paths. Whence they come and 
whither they go no man knows. In far-off regions of space 
the sun’s influence is felt. A comet is beckoned by the 
authoritative call and obeys. It begins the journey to our 
system, moving tardily at first, but slowly and surely in- 
creasing its speed. A year, ten years, or it may be a 
hundred years, pass before the traveller comes in sight. 
With terrible rapidity it shoots round the mighty globe to 
which it has come to pay obeisance, and then away, away, 
away into the darkness of infinite space it goes, and is lost 
to us for ever. To use the simile employed by one of 
King Edwin’s men to the life of a man, “ It is as a sparrow’s 
flight through the hall when you are sitting at meat in 
winter-tide, with the warm fire lighted on the hearth, but 
the icy rain storm without. The sparrow flies in at one 
door, and tarries for a moment in the light and heat of the 
hearth fire, and then flying forth from the other vanishes into 
the wintry darkness whence it came.” 

But there are comets which call upon us periodically, as 
well as those which pay us single flying visits. This fact 
was discovered by the English astronomer, Halley, in 1682. 
An examination of old records led him to conclude that 
the same comet had appeared after a certain interval of 
time ; that, in fact, there were comets with elliptical, as well 
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as comets with parabolic orbits. He showed that a comet 
of 1682 and one of 1607 were identical, and a relation 
appeared to exist between them and a comet of 1531. 
From this Halley inferred that the three objects were 
one and the same body travelling round the sun in a 
period of about seventy-six years. If that were so, the 
comet should return in 1 759, and the astronomer confidently 
predicted its reappearance. The prophecy was fulfilled. 
Halley’s comet made the long-expected call, and by so 
doing showed that its motions were controlled by the same 
“ secret, strong, attractive force ” as that which binds the 
planets. The only difference, then, between the path of a 
comet of this character and that of a planet is in the form 
of the ellipse. The comet’s ellipse is very elongated — the 
foci are separated by a considerable distance — whereas in 
a planetary ellipse the foci are comparatively near together. 
In each case, however, the sun is situated in a focus of the 
ellipse, and from this it follows that the comet’s greatest 
and least distances from the sun are enormously different. 
Mercury has the most eccentric orbit of the planets, the 
difference between his greatest and least distances amounting 
to 15 million miles. Haley’s comet is 56 million miles 
distant from the sun at its point of nearest approach, and 
3,200 million miles away when at the opposite end of its 
orbit. The difference between the greatest and least dis- 
tances is thus 3,144 million miles. By an examination of 
old records, Dr. Hind was able to trace Halley’s comet back 
to. eleven years before the commencement of our era. The 
comet of 1066, which Duke William interpreted as a sign 
of the coming downfall of Saxon England, was the same 
body as that which Halley observed and investigated. It 
will return again in 1911. 

In 1819 a comet was found by Encke to move in an ellip* 
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tical orbit, that is, in a closed curve. Halley\comet comes 
like an illustrious foreigner, in pomp and splendour, but its 
visits are “few and far between.” Encke’s comet is modest 
both in its 
tour and ap- 
pearance. It 
makes a call 
upon the sun 
once in three 
and o n e- 
quarteryears, 
but without 
pretentious 
display. In- 
deed it is Eig* 2a -— Enckc s Gomel in 1891. 

usually invisible to the naked eye, even at its brightest. 
The comet is 32 million miles from the sun at the point 
of nearest approach, and has a distance of 387 million miles 
when most removed from our luminary. Jupiter's distance 
is 483 millions of miles, so the comet’s orbit is inside that 
of the giant planet. 

An interesting fact connected with Encke's comet is that 
its period is gradually decreasing, being three days less at 
the present time than it was when the periodicity was dis- 
covered. There must be a reason for this, and the theory 
suggested by Encke is that the comet has to pass through 
something round the sun — probably an extension of the 
solar atmosphere — which tends to retard its motion. This 
resistance causes the comet to describe a smaller path. 
The period of revolution is therefore diminished, and we 
thus get the paradoxical result of a body appearing to move 
faster in consequence of something trying to stop it. 

Comets admit of being classified according to their orbits. 




IO 6 THE VAULT OF HEAVEN. 


First there are those which move in parabolas, and rush 

away after 
taking a rapid 
glance at our 
part of the 
u n i v e r s e. 
The majority 
of come ts 
travel in 
curves of this 
kind. Next 
we have the 

. . . , . , . . comets which 

Fig. 23. — K is t\ focus of each of the figures; 1, 1, a 

circle; a, a, an ellipse; 3, 3, an ellipse of large run down and 

eccentricity ; 4, 4, a parabola. S a y, “How 



d’ye do ” to the sun once in a few centuries — comets of long 
period. Forty comets, more or less, belong to this class. 
In addition, there are something like twenty comets which 
move round the sun once in less than ten years, and are 
known as comets of short period. 

Parabolic comets behave like excursionists to the solar 
system. They come out of all parts of space, and some 
travel round the sun in a right-handed fashion, while others 
have a left-handed direction of motion, like the planets. 
With a few exceptions, all the comets having elliptical 
orbits move in the latter 'direction, in this uniformity differ- 
ing from the indiscriminate motions of their parabolic 
brethren. 

There is very little doubt that all periodic comets are 
immigrants to the solar system from outer space, and not 
natives like the planets. Attracted by our little family, 
they swoop towards us in beautiful parabolas, but with no 
intention at all of staying. Occasionally, however, one of 
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the major planets happens to be near the line of travel as 
the celestial visitor hurries along it. When the two bodies 
are so situated that the comet is held back slightly by the 
attraction of the planet, the parabolic orbit becomes trans- 
formed into an elliptical one. The vagabond is thus made 
a prisoner, having been captured by a planet, and instead 
of flitting away into realms unknown, it is forced to march 
along a certain track and report itself periodically for the 
delectation of astronomers. Though, on the average, only 
three or four brilliant comets appear in a century, many 
more are observed telescopically ; indeed, scarcely a year 
passes without half a dozen being discovered. A teles- 
copic comet has the appearance of a small patch of mist in 
the sky, and cannot be distinguished from one of a large 
class of celestial bodies known as nebulae. It is impossible 
to say from the first observation whether the object will 
become prominent or not. In general, a slight brightening 
near the centre is observed as the comet approaches the 
sun, “ only that, and nothing more.” A comet born to be- 
come famous soon distinguishes itself, however, from the 
commonality. The brightening near the centre becomes 
concentrated to a star-like nucleus, from which luminous 
jets are shot out towards the sun. By the time this kind 
of action commences, the comet is usually to be seen with 
the naked eye. Luminous envelopes are shed by the comet 
on the same side as the jets, and both jets and envelopes 
are driven back as if repelled by the sun, and go to form 
what people erroneously consider to be the characteristic 
of all comets, namely, the tail. The order of these changes 
varies somewhat, for no two comets behave exactly alike. 
The most remarkable circumstance is the strong repulsion of 
the material of which the jets and envelopes are composed 
to form the comet's tail. It results from this that the tail 



io S 


THE VAULT OF HEAVEN. 


is pointed away from the sun no matter what position the 
comet occupies in its orbit When the sun is being ap- 



proached, the tail follows the head, but when the comet is 
receding, the tail goes first. 

The splendid comet which appeared in 1858, and was 
discovered by Donati of FJprence, exhibited a striking series 
of changes. From a small patch of nebulosity it grew until 
the head was a quarter of a million miles in diameter. 
Seven concentric envelopes were at one time seen to enfold 
the nucleus on the sunward side and to bend back in 
beautiful sweeps to form the tails. The most conspicuous 
tail was curved like a scimitar, and in October, 1858, it had 
a length of more than fifty million miles. At a short dis- 
tance in front of the convex side two faint streaks were 
visible, extending straight out from the nucleus to even a 
greater distance than the tail, which was such a marked 
feature of the comet 



COMETS AND SHOOTING STARS. 10$ 

Professor Bredichin of Moscow has made a very exhaus* 
tive investigation of comets’ tails and the causes which pro- 
duce them. He classifies the tails into three types, namely, 
the straight, plume-like, and stubby. There can be little 
doubt that the material of the jets and envelopes are re- 
pelled by the sun to form all kinds of tails, but we can only 


Sept. 

4 - 


Sept. 

ll. 


Sept. 

29. 


Oct. 

2 . 


Oct. 

9 - 


Oct. 

11. 


Fig 25.— " The head (rf the splendid comet which appeared in 1858 exhibited 
a striking series of changes. ’ 



speculate as to the nature of the repelling force. Professor 
Bredichin’s investigation has led him to conclude that the 
tails of comets which point straight away from the sun are 
composed of hydrogen. This element, among others, is 
emitted from the nucleus ; it tends to obey the behest of 
gravitation and fall towards the sun, but the sun drives it 
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back with a force about twelve times greater than the attrac- 
tive power, so away it goes into space like an arrow from a 
bow. The two straight streaks observed in Donates comet 
probably represented the edges of a tail of this character. 
For the substances in the plume-like tails the repelling force 
is less than twice as strong as the gravitational attraction, 
hence they are not driven back so forcibly as the hydrogen. 
The vapours of hydrocarbons are probably the constituents 
of this type of tail. The conspicuous tail of Donati’s comet 
is a perfect example of this form. The materials of which 
the short, strongly-bent, or stubby tails are composed are 
only repelled by a force about one fifth as strong as the 
force of attraction. They possibly consist of the vapour of 
iron and similar heavy substances. 

Many comets attain enormous dimensions. The great 
comet of 1811 grew until its head was more than one 
million miles in diameter, and its tail of one hundred 
million miles long had a breadth at the end of fifteen 
million miles. In spite of this great show, however, comets 
are not weighty bodies. One hundred thousand of the 
largest comets ever observed would not weigh as much as 
the earth. In 1776, a comet passed Jupiter at a distance 
less than his outermost satellite, without affecting the 
motions of the satellites in the slightest degree. The 
comet itself, however, paid for its daring approach to the 
giant planet, for its orbit was considerably altered. Since 
the volume or bulk of a comet is so great, and the mass of 
the whole object is so insignificantly small, the mean 
density must be less than anything of which we have any 
conception. Suppose we could take a comet, head, tail, 
and all, and put it in one pan of a balance, and we could 
carve out from the air which surrounds us an object of the 
same siae to put in the other pan, we should find that out 
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aerial body weighed four or five thousand times more than 
the comet. This does not show, however, that comets are 
nothing but gases in a state of extreme tenuity. The head 
may be, and very probably is, composed of a large number 
of small but solid bodies ; nevertheless, when the comet is 
taken in its entirety, the mean density is extremely low. A 
convincing demonstration of this spiritual texture is afforded 
by the fact that stars suffer no change of place or brilliancy 
when a comet passes in front of them. In 1861, the earth 
passed through the tail of a comet, and the only result 
noticed by the most observant was that the sky seemed 
tinged with a peculiar light. There is little doubt that the 
earth has also passed through the head of a comet. The 
history of this event is as follows. In 1826, Biela found 
that a comet he had observed revolved round the sun in a 
period of about six years and seven months. The comet 
returned in due course, and its periodic character was 
established. In 1845, however, the comet split into two 
parts, and at the next return, in 1852, the twins were again 
seen, but the distance between them had increased. The 
split must have marked the beginning of an utter disintegra- 
tion, for the comet has not since been seen, though it has 
been carefully looked for. But this is not the whole of the 
story. At the end of November in 1872, and 1885, and 
1892, beautiful showers of shooting stars were seen when 
the earth was near the place which the comet would have 
occupied had it lived and walked in the path allotted to it. 
This led to the conclusion that the earth passed through the 
comet on these dates, and that the shooting stars repre- 
sented its fragments rendered luminous, and dissipated into 
vapour as they entered the earth’s atmosphere. 

The spectroscope shows that comets are, to a very large 
extent, self-luminous, and that the constituents which mani- 



U2 THE VAULT OF HEAVEN. 

fest themselves in the most decided manner are carbon and 
its compounds. This fact is not without interest, for all 
animal and vegetable substances contain carbon in some 
form or other. It must not for a moment be supposed, 
however, that astronomers of the present day believe 
comets to be the abode of life because carbon exists in 
them. Comets are subjected to such extremes of tempera- 
ture that life upon them would be far from pleasant. One 
old astronomer said that they could not be abodes of hap- 
piness, but " places of punishment for the wicked, who were 
alternately wheeled into regions of intolerable heat and after- 
wards exposed to all the regions of the most intense cold.” 

Prof. Lockyer has collected all the spectroscopic obser- 
vations that have been made of comets and investigated 
them. He finds that though the characteristic spectrum of 
a comet is the same as that given by the blue part of a 
candle flame, and is therefore chiefly due to hydrocarbon 
gases, a number of small differences occur as a comet 
increases and decreases in temperature. Comets which 
approach very near to the sun exhibit the fact in this 
spectra, while those at a great distance report that their 
temperature is low. 

Who has not been startled when looking on the sky at 
night by seeing a shooting-star ? A point of light glances 
across the sky, leaving a luminous trail which hangs in the 
heavens for a few seconds and then disappears. To all 
appearances a star has fallen from its place in the celestial 
vault, but as a matter of fact this is not so. The word star 
applied to the point which sparkles and dies is a libel upon 
the mighty suns fervidly shining in infinite space. Shooting- 
stars are small particles of matter revolving round the sun 
like the earth. Our globe is constantly plunging into these 
specks of cosmic dust and attracting them towards itself. 
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The consequence is that they enter our atmosphere with an 
average velocity of thirty miles a second. A rifle bullet 
becomes hot in passing through the air though its velocity 
is far less than this. It can easily be understood, then, 
that a particle which enters the earth’s atmosphere at the 
terrific speed of thirty miles a second, must become very 
hot by friction against it. In fact, the heat developed is 
sufficient to melt and vapourise the solid particle, and its 
dissipation in this manner produces the phenomenon of a 
“ shooting-star.” 

Observations indicate that space is filled with fragments 
of this kind. Dr. Schmidt, observing in the clear sky of 
Athens, found that the average number of shooting-stars 
seen by one observer between twelve and one o’clock on a 
clear, moonless night, is fourteen. Six observers would be 
required to include the whole of the sky above the Athens 
horizon in their view, and about sixty thousand to take in 
all parts of our aerial envelope. Hence, the average hourly 
number of shooting-stars which would be seen if observers 
could be distributed all over the earth, is fourteen times 
sixty thousand, that is eighty-four thousand. In twenty- 
four hours, therefore, the number of particles which enter 
the earth’s atmosphere is about twenty millions, and each is 
capable of producing the phenomenon of a shooting-star. 
In addition, there are shooting-stars too faint to be seen by 
the naked eye, but visible in telescopes. Including these in 
the estimate, we have the astonishing fact that something 
like 400 millions of solid particles rain down upon the 
earth and are consumed in the atmosphere daily. Prof. 
Newton, of New Haven, is the authority on these matters, 
and he estimates that each particle is about two hundred 
and fifty miles from its neighbours. 

When two or more observers see the same shooting-star 
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from different places, and notice the length and direction of 
the trail, the height at which the particle commenced to be 
luminous and that at which it was entirely burnt up can be 
calculated. The average height at which luminosity com- 
mences is about seventy-six miles, and extinction occurs at 
a height of about fifty-four miles. 

Closely allied to shooting-stars are the brilliant meteors 
or fire-balls occasionally seen. The difference between the 
two classes of bodies is very probably only one of size, for 
both owe this luminosity to friction against the earth’s 
atmosphere. Fire-balls being larger portions of matter 
than shooting-stars, present a larger surface to the atmos- 
pheric brake, and, as a result, become luminous at a 
greater height above the solid ground. They are also not 
consumed so readily, the average height at which all the 
material is dissipated into vapour being thirty miles. Some 



Fig, a6. The Otumpa meteorite. From a photograph of the original in 
the collection of the British Museum (Natural History). 

of the meteors are so large that they reach the earth’s 
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surface before sufficient heat has been developed to drive 
them entirely into vapour, and with a roar they hurl them- 
selves down, spreading consternation in the districts where 
they fall. These celestial missiles which fulfil their original 
intention of striking the ground are known as ** meteorites.” 
There are a number of well-authenticated records of such 
falls from heaven, though it was not until the beginning 
of this century that their celestial origin was believed in. 

In the tenth chapter of Joshua we read, “The Lord cast 
down great stones from heaven,” and, if this refers to a fall of 
meteorites, it is the earliest record of such an occurrence. 
Livy mentions a fall of meteorites which took place 
about 650 b.c. In the words of this Roman historian, 

“ News was brought to the king and the fathers that it had 
rained stones on the Alban Mount. Wherefore, though it 
seemed scarcely credible, when men were sent to observe the 
portent, stones fell thickly from heaven in their sight.” The 
fall was accompanied by a “mighty noise,” w'hich was in- 
terpreted as a manifestation of the displeasure of the gods, 
so a nine days’ solemn festival was held. Other falls from 
the sky are mentioned by early writers, and many of the 
stones were worshipped as “ holy things fallen from heaven.” 
The oldest undoubted meteorite now in existence is sus- 
pended by a chain in the parish church of Ensisheim in 
Alsace. The excellent guide to the meteorites in the 
Natural History section of the British Museum contains the 
following account of the meteorite at Ensisheim, being a 
translated extract from a document kept in the church. 
“On the 19th of November, 1492, a singular miracle, 
happened ; for between eleven and twelve in the forenoon, 
with a loud crash of thunder and a prolonged noise heard 
afar off, there fell in the town of Ensisheim a stone weighing 
260 pounds. It was seen by a child to strike the ground 
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in a field near the canton called Gisgaud, where it made a 
hole more than five feet deep. It was taken to the church 
as being a miraculous object. The noise was heard so dis- 
tinctly at Lucerne, Villing, and many other places, that in 
each of them it was thought that some houses had fallen. 
King Maximilian, who was then at Ensisheim, had the stone 
carried to the castle ; after breaking off two pieces, one for 
the Duke Sigismund of Austria, and the other for himself, 
he forbade further damage, and ordered the stone to be 
suspended in the parish church.” 

The largest mass in the collection of the British Museum 
weighs about three and a half tons, and was found at Cran- 
bourne in Australia about 1854. 

The chemical elements roost frequently found in 
meteorites are, in the order of plenitude, iron, nickel, 
phosphorus, sulphur, carbon, oxygen, silicon, magnesium, 
calcium, and aluminium, while those less frequent 
or plentiful are, hydrogen, nitrogen, chlorine, lithium, 
sodium, potasium, strontium, titanium, chromium, man- 
ganese, cobalt, arsenic, antimony, tin, and copper. There 
are three forms in which carbon occurs on the earth, repre- 
sented resjte ct * ve ty by lampblack, black-lead, and diamond, 
and each ha^Ji 5 en f° rme d * n meteorites. Usually carbon 
occurs in one o^L| ls compound forms, and sometimes in 
forms which woul^-V^en as an indication of animal or 
vegetable existence if foflqd upon the earth. The iron of 
meteorites usually occurs allied with nickel, and is never 
found alone. Though no nes^lement has been discovered 
in meteorites, many combination^, entirely unknown in the 
crust of the earth, occur in them. x 

Meteorites are conveniently divide*! into three classes ac- 
cording to their constitution, and .named respectively, 
“ siderites," “ siderolites," and “ aerolites.” Siderites, or 
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“meteoric irons,” contain from eighty to ninety-five per 
cent of iron alloyed with from six to ten per cent, of nickel, 
and &re almost indistinguishable from masses of iron of 
terrestrial origin. Siderolites consist of large proportions of 
iron and stony matter ; while aerolites are composed chiefly 
of stray matter, and are known as “ meteoric stones.” 

There is every gradation between the fire-ball which 
rushes through the air and reaches the ground as a meteorite 
and a noiseless shooting-star, and it was concluded a 
century ago that the two are only varieties of one pheno- 
menon. Both are also connected with comets, and it is 
now our purpose to give an account of the facts which led 
to the discovery of this intimacy. 

Usually shooting-stars are seen one at a time, and they 
glance across the sky in any direction. At regular intervals, 
however, we see “ the vaulty top of heaven, figured quite 
o’er with burning meteors.” Shooting-stars shower down 
from the sky almost as abundantly as flakes of snow during 
a snowstorm. A circumstance which soon attracts the at- 
tention of an observer of a great shower of this description 
is that all the meteors appear to shoot away or radiate from 
a particular part of the sky, known as the “ radiant ” or 
u radiant-point.” And even when showers of a less remark- 
able character are observed, when perhaps only one or two 
meteors are seen at the same instant, the streaks point 
backwards to a radiant Near the radiant the meteors have 
very short trains, while those farther away are visible over 
long tracks. This is explained as an effect of perspective. 
When we look through a long straight gallery or tunnel, the 
roof, floor, and sides are seen to converge to one point, 
known to artists as the ** vanishing-point” The radiant-point 
is similarly produced. The meteoritic particles are travel- 
ling in practically parallel paths when the earth plunges in 




Fig. 07.— The meteors of Nov. 37th, 187a, and their '* radiant-point.** 
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among them. Owing to the brake put upon their motions, 
the meteors leave behind them a luminous trail of the paths 
they pursue, and when we look through all these parallel 
streaks we see them converging to a “ vanishing-point ” in the 
sky, just as the parallel walls, floor, and roof of the tunnel 
were observed to do. Hence the radiant marks the actual 
direction of motion of the meteors when the earth meets 
them. 

Showers of shooting-stars recur periodically. Professor 
Newton, by looking up ancient chronicles, found that 
brilliant displays had been observed in the same part of the 
sky about the middle of November every thirty-three years. 
A simple illustration will make clear the cause of this 
periodicity. Suppose a policeman in a country district 
completes his extended beat in a week, going round, say a 
dozen small villages, in this time. Week after week the 
journey is made with little to relieve the monotony of it, 
until an unpleasant incident occurs. As he leisurely ap- 
proaches The Lion hostelry one day, he is pelted with peas 
by a number of boys journeying home on their holidays. 
As the string of coaches pass him, from each he receives a 
tantalising shower. However, the end of the line is reached 
in time, and the guardian of the peace then proceeds un- 
molested on his way, mourning over youthful depravity. 
Nothing happens for thirty-three weeks, when the boys are 
again homeward bound. They come down the road from 
The Lion and assail him just as before. Thirty-three 
weeks later, the incident is repeated, and again after the 
same interval. It then dawns upon him that once in thirty- 
three weeks he meets a stream of boys coming down a 
particular road, and is greeted with a shower of peas. Now 
this is analogous to what occurs with the earth. Every 
thirty-three years, when the earth is at a particular part of 
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her orbit, a stream of meteoritic particles coming from the 
direction of The Lion constellation, happens to meet us, 
and the result is that we get a shower of shooting-stars as 
we pass through it. It is inferred from this that the stream 
journeys round the sun once in thirty-three years, in an 
orbit which crosses the orbit of the earth. When both 
reach the “ level-crossing v together a brilliant meteor 
shower testifies to the encounter. 

The meteors which radiate from The Lion constellation 
are known as Leonids. The stream of solid particles which 
produces them is so long that it takes about two years to 
cross the earth’s orbit, consequently meteoric showers may 
occur about the middle of November two years in succes- 
sion. The last display was in 1866, and the next will be in 
1899. At the end of November once in thirteen years 
showers are observed in which the meteors radiate from a 
point in the Andromeda constellation. These particles 
therefore travel round the sun in a period of thirteen years. 
Slight showers occur about the beginning of August in 
every year, reaching a maximum on August 10th. This is 
because the meteoritic particles extend completely round 
the sun, so there are always -some in the way of the earth as 
we pass through the point where the meteor orbit cuts ours. 
These meteors radiate from the constellation of Persens. 
Another well-known shower happens in April, the radiant 
in this case being in the constellation of the Lyre. 

After a laborious investigation, it was proved by the late 
Prof. Adams that the Leonid meteors observed in 1866 
belonged to a swarm of meteoritic particles which revolved 
round the sun in an elongated ellipse once in thirty-three 
years. With regard to the dimensions of the stream, its 
comparison with the orbit, Dr. Stoney has remarked that a 
thread of fine sewing-silk, about one foot and a half long, 
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creeping along an ellipse having a length of seven feet, re- 
presents the proportion of the two. 

At the beginning of 1866 a comet was discovered by 
Tempel, and the form and position of its orbit was calcu- 
lated. Shortly after the memorable meteor shower of 1866, 
two astronomers, Peters and Schiaparelli, pointed out that 
the orbit of the Leonid swarm was precisely the same as 
that of Tempel’s comet. There could be no doubt about 
the matter. In form, dimensions, inclination to the ecliptic, 
and position, the orbits of meteor swarm and the comet 
were identical. Only one conclusion could be drawn from 
this coincidence, namely, that the comet is part of the 
meteoritic stream. Schiaparelli followed up this remarkable 
result by calculating the orbit of the August meteors, the 
Perseids. A comparison of the computed orbit with that of 
the great comet of 1862 showed that the two were identi- 
cal. This, then, was a second clear case of a comet being 
nothing but a swarm of meteorites. A third coincidence of a 
similar character is still more striking. It is the case of 
Biela’s comet. On November 27th, 1872, and on the same 
day in 1885 and 1892, shooting-stars showered copiously 
from a point in the constellation Andromeda. Calculations 
show that the orbit of this swarm is identical with that of the 
lost comet, and astronomers now declare their belief in the 
unity of the two phenomena by naming the Andromeda 
meteors Bielids. A few other meteor-swarms have been 
found to move in the same orbits as comets; hence it seems 
probable that all comets are similarly constituted. Schia- 
parelli thinks that the comet of 1862 is a large meteorite in 
the Perseid swarm, but the idea generally accepted is that 
this comet, and others related to meteor-swarms, represent 
the densest portion of the swarm. 

It is held by some astronomers that meteorites are por- 
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tions of matter ejected from volcanoes on the earth, moon, 
or planets. Believers in this theory support also the idea 
that periodic comets are products of eruptions, hurled into 
space with such force that they got outside the sphere of 
attraction of the body which gave them birth. A velocity 
of six miles a second suffices to carry a body beyond the 
domain of terrestrial influence, and one mile a second in 
the case of the moon. Recent researches, however, indicate 
that meteorites and comets are captured from outer space 
by the attraction of our system in the manner previously 
explained. 

A comet in passing around its orbit undergoes various 
transformations. These changes are perfectly explained by 
the “metcoritic hypothesis.” A cloud of meteorites is 
pulled into the solar system from interstellar space, and is 
first seen as a fairly luminous haze. The luminosity is pro- 
duced by the meteoritic particles jostling one another, and 
thus provoking sufficient heat to volatilise their constituents. 
The swarm moves onward, and by the increased intensity 
of gravitational attraction, the individual particles are caused 
to move faster, and, therefore, to collide and graze against 
each other more frequently, the result being an increase of 
brilliancy. As the temperature rises, and a greater amount 
of heat is developed, the vapours are given off in sufficient 
quantity to form a tail. Usually this appendage increases 
in size until a few days after the swarm has passed its point 
of nearest approach to the sun, and then diminishes. The 
collisions gradually become less violent and less frequent 
when the swarm is leaving the sun, and, finally, the com* 
motion has decreased to such an extent that only a feeble 
luminous haze tells of the swarm's existence. 

Professor Lockyer has given additional support to the 
view that comets are swarms of meteorites by a number of 
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spectroscopic observations. He placed some fragments of 
undoubted meteorites in a glass tube, from which the air 
was afterwards removed by means of an air-pump. The 
fragments were then, as near as possible, in the condition of 
similar particles in space. They were gradually heated, and 
the light which emanated from them was analysed by a 
spectroscope. The sequence of changes observed under 
these circumstances were found to be the same as had been 
seen in the spectra of different comets. A couple of comets 
at a great distance from the sun have exhibited light of the 
same quality as that seen as soon as a met.orite is heated 
in the laboratory, and comets very near to the sun possess 
a spectrum like that given by meteorites exposed to a high 
temperature. All the changes in the quality of a comet’s 
light are shown by Professor Lockyer to be those which 
must occur when a swarm of meteorites has its temperature 
varied, hence the conclusion that comets and meteorites are 
“one and the same phenomenon ” finds support in spectro 
scopic observations as well as in orbital coincidences. 

Though the superstitious fear of comets has died away, a 
dread exists in the minds of many people that the earth will 
some day pass through the nucleus of one. There is cer- 
tainly a possibility of this happening, and Professor New- 
comb estimates it in this manner, “There is hardly a 
possible form of death which is not a thousand times more 
probable than this. So small is the earth in comparison 
with the celestial spaces, that if one should shut his eyes and 
fire a gun at random in the air, the chance of bringing down 
a bird would be better than that of a comet of any kind 
striking the earth.” 

It is difficult to say what the result of running full tilt 
into a comet’s nucleus would be. If the nucleus consists 
merely of “ cosmic dust,” only a brilliant shower of shoot- 
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ing stars would be seen ; but if it is made up of bodies as 
large or larger than cannon-balls, the consequence would be 
serious. Myriads of the meteoritic masses would beat upon 
the earth, and the burning of the materials of which they 
are composed would probably use up the oxygen in the 
atmosphere, in which case, man and all the animal creation 
would perish. The temperature of the air would also be 
raised to such a degree that all vegetation would be 
destroyed and our beautiful globe would be transformed 
into a desolate and barren rock. The piospect is not a 
pleasant one, and consolation is found in the fact that an 
encounter such as that referred to only has a chance of 
happening once in about twenty millions of years. 



CHAPTER VII. 

IN BOUNDLESS SPACE. 

‘ Profusely scattered o’er the blue immense,” above and 
below the system of the sun, to the right and to the left of 
it, roll the stars, which are the poetry of heaven. They are 
suns like our own, shining with unborrowed light, and, very 
probably, each “ informs a system in the boundless space,” 
like that of which the earth is a part. The sun is more 
brilliant than any star, because it is nearer to us. Take the 
glorious orb of day away into the infinitude of space, and 
it would lose its magnificence ; tarry not with it until the 
distance of the nearest star is reached, and it will have 
dwindled to a lucid point like the pole star, which for ever 
twinkles in the northern sky. 

As soon as Galileo turned his telescope towards the 
heavens, he saw revealed a host of stars on which no human 
eye had previously gazed. In his “ Sidereal Messenger ” 
he gives a few examples of these virgin regions. Let the 
discoverer give his own description of what he saw in one of 
these cases : 

“ I have selected the three stars in Orion's belt and the 
six in the Sword, which have been long well-known groups, 
and I have added eighty other stars recently discovered in 
their vicinity, and I have preserved as exactly as possible 
the intervals between them. The well-known or old stars, 
for the sake of distinction, I have depicted of larger size, 
I2 5 
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and I have outlined them with a double line ; the others, 
invisible to the naked eye, I have marked smaller and with 
one line only. I have also preserved the difference of 
magnitude as much as I could.” 

By the invention of the telescope, then, the number of 



Fig. a8.— >’* I haw selected the three stars in Orion’s belt, and the six in 
the Sword, and 1 have added eighty other stars.” (Galileo.) 

observable Stars was enormously increased. To the naked 
eye, between two and three thousand stars can be seen at 
one time and place. In the portion of the celestial sphere 
visible from England, about fourteen stars are conspicuously 
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bright; fifty shine with a light equal to that of the pole 
star, and two thousand are just visible. Stars are classified 
into u magnitudes ” according to their glory. Those which 
have an intensity equal to Aldebaran are stars of the first 
magnitude ; the pole star is of the second magnitude, and 
stars on the verge of invisibility belong to the sixth magni- 
tude. The range of unaided vision thus includes six mag- 
nitudes. Astronomers have made an arbitrary distinction 
between each magnitude and the next. It is decided that 
the light of a star of any magnitude shall be to the light of 
a star one magnitude fainter as two and a half is to one. 
Hence, two and a half stars of the sixth magnitude equal in 
brightness a single star of the fifth magnitude ; two and a 
half of the fifth equal one of the fourth ; and so on until we 
arrive at a star of the first magnitude, that is, one which 
sparkles with one hundred times the intensity of a star 
which can just be seen on a clear night. Telescopic stars 
are similarly graded, according to the light with which they 
shine. It is a remaikable fact that down to the tenth mag- 
nitude the stars increase in number as they diminish in 
brilliancy. This is somewhat analogous to what we find in 
the animal creation. Immense animals, such as elephants, 
being far less numerous than smaller ones. 

The total light received by the earth from stars visible 
and invisible to the unaided eye is extremely small. Sixty 
times the total starlight on the clearest night would be re- 
quired to equal the light of the full moon, and 33 million 
times the amount to equal sunlight. It is therefore absurd 
to believe that the stars were created to light the earth. As 
Lytton tersely puts it, “ A farthing candle is more con- 
venient for household purposes than all the stars.” 

Why is it that “one star differeth from another in glory”? 
The first explanation which suggests itself is that the differ- 
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ence in brightness is caused by difference of distance from 
the earth. A first magnitude star removed to ten times its 
present distance from us would glimmer as a star of the 
sixth magnitude, and if taken far enough into the depths of 
space, it would sink beyond the reach of our largest tele- 
scopes. Hence, by assuming that all the stars are equal in 
size, and that the difference in brightness is the result of 
difference in distance, it is possible to estimate the relative 
distance of stars from the earth. These assumptions were 
for a time indulged in, but they are now known to be 
fallacious. There may be as great a difference between 
the sizes of stars as there is between a marble and the earth. 
What is more, the measures of stellar distance show that 
many bright stars are much farther from the earth than 
fainter ones. Stars are seen in the heavens in bunches, and 
though there is clear evidence that the individuals are at 
approximately the same distance from the earth, some of 
them are brilliant while others are scarcely visible in the 
best of telescopes. The intrinsic luminosity of stars also 
differs on account of the difference in their temperatures. 
There are intensely hot stars, and stars which have but their 
power of shining, owing to their cooled condition, and 
every gradation exists between the two classes. It cannot, 
therefore, be definitely said that one star is fainter than 
another because it is more "distant from us, or because it is 
smaller, or because its surface is less luminous, for each of 
these causes affect the result 
Stretching across the sky is seen an irregular band of 
faint luminosity known as the Milky Way or Galaxy. 
Ancient philosophers speculated and cavilled on the con- 
stitution of this belt of milky brightness, and it was not 
until the invention of the telescope that its true character 
was declared. " By the irrefragable evidence of our eyes,” 
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says Galileo, “ we are freed from wordy disputes upon this 
subject, for the Galaxy is nothing else but a mass of in- 
numerable stars planted together in clusters. Upon what- 
ever part of it you direct the telescope, straightway a vast 
crowd of stars presents itself to view ; many of them are 
tolerably large and extremely bright, but the number of 
smaller ones is quite beyond determination.” The larger 
telescopes now employed bear out Galileo’s observation and 
show this celestial zone “powdered with stars.” About 
ninety per cent, of all the stars in the heavens lie in or near 
the Milky YY r ay. As we recede from it in the celestial 
vault, the stars become less numerous and are fewest 
when we are at the poles of the galactic circle. To 
account for this, Sir YVilliam Herschel assumed that the 
stars were of approximately the same size and intrinsic 
luminosity but at different distances from the earth, and 
used his telescope as a “sounding-line” to fathom the 
depth of the stratum of stars in the Milky Y\ T ay. His 
observations led him to conclude that our universe extends 
farther in the direction of the Galaxy than elsewhere. The 
stars there appear closely packed and of every grade of 
brilliancy, because they lie one after another in nearly the 
same direction for a greater distance than in any other part 
of the sky. Herschel, therefore, supposed the solar system 
to be situated not far from the centre of a conger y of 
stars, most extended in the direction of the Milky YVay and 
least extended near the galactic poles. This was regarded 
as our particular universe, and beyond it other universes 
were supposed to exist. Herschel’s conclusions were built 
upon suppositions, and the result is that many of them are 
seen to be incorrect when viewed in the light of latter-day 
knowledge. It can hardly be said, however, that anything 
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very definite is known concerning the form of the sidereal 
universe even at the present time. 

The determination of the distances of stars is one of the 
triumphs of modern astronomy. The principle of the 
method is simplicity itself. To find the distance of a ter- 
restrial object without direct measurement, theodolites are 
taken to each end of a line, the length of which is known, and 
pointed to the object, and from the observations the required 
distance can be found. If two theodolites, say, ten miles 
apart, are pointed at a particular star, it would seem that 
the distance of the star could be calculated in the same way 
as that of the terrestrial object. Observations of this kind 
would show, however, that the two theodolites were parallel, 
proving that the star has no parallactic displacement when 
viewed at the two extremities of a line ten miles long. 
Enlarge the base-line to one hundred miles, and again the 
negative result is obtained. Observe the star from the ends 
of a diameter of the earth, that is, at the extremities of a 
base-line eight thousand miles long, and still no displace- 
ment will be found. But there is another base-line which, 
it might reasonably be expected, would be long enough for 
the determination of distances of almost infinite magnitude ; 
it is the diameter of the earth’s orbit The earth is at a 
particular part of its orbit at the present moment ; in six 
months it will be on the other side of its orbit, the distance 
between the two points being about 186 millions of miles. 
If, then, a telescope is directed to a star at an interval of 
six months, it would seem that a very definite parallactic 
displacement ought to be observed. So it seemed to Tycho 
Brahe, and Galileo, and Hooke, Molyneux and Bradley, 
Herschel, and a host of other astronomers, yet time after 
time was the observation made without the obtaining of a 
single accurate result. The failure was partly due to the 
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imperfections of the instruments employed in the measure- 
ment of minute dimensions on the celestial sphere. It was 
not until 1838 that the problem which had chafed astron- 
omers since the time of Copernicus was satisfactorily solved. 
But before going further, let us state the means by which 
the results have been attained. 

On account of the movement of the earth in its orbit, we 
constantly observe the stars from different points in space. 



•pace." 

Once a year only do we see them from the same place. 
For this reason each stellar point is projected upon different 
parts of the infinite celestial sphere throughout the year. 
Suppose that on every night in the year a straight line could 
be drawn from the earth through a star to the celestial sphere, 
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then the ends of the lines would mark out a figure upon the 
sphere exactly like that of the earth’s orbit. The nearer 
a star is to the earth, the greater is the size of this 
apparent ellipse, known as the “ parallactic ellipse.” Each 
star appears to describe a minute ellipse of this character, 
traversing its apparent path annually. It must not for a 
moment be supposed, however, that these lines of travel 
can be detected with the naked eye, or that they alter the 
configuration of the constellations during the year. They 
are so small as almost to defy detection with the finest of 
telescopes. To determine the size of the parallactic ellipse 
of a star, measures are made of the star’s exact position 
(right ascension and declination) throughout the year. A 
number of corrections have then to be applied to the 
observations. When this has been done, if the star is not 
at an infinite distance from the earth, the positions will be 
found slightly different on different dates, and by mapping 
the points down upon a large star-chart, they will be found 
to arrange themselves in the form of a minute ellipse. The 
angular dimensions of half the longest length of this ellipse is 
the parallax of the star under observation. It represents the 
angle contained between two lines drawn from the star, one 
to the sun, the other to the earth. This method of deter- 
mining stellar parallax is known as the “ absolute ” method, 
because absolute observations of position are made. Un- 
fortunately, it does not give the best results. The vitiating 
causes are so many, and their effects are so large and imper- 
fectly understood that a star’s parallactic ellipse cannot 
generally be extricated from the tangle. 

The “differential ” method of determining parallax is free 
from many of the objections which accrue to the observa- 
tion of absolute places of stars, and is the one now usually 
employed. Let us give an illustration of the principle 
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underlying it Imagine yourself in a field and looking 
towards a tree a few hundred yards away. The tree appears 
in a line with others a considerable distance off. By 
changing the point of observation, the nearer tree will 
appear in a line with others. The trees can represent stars 
at different distances, and by walking round in a circle, the 
motion of the earth in its orbit can be imitated. Just as a 
tree appears to change its place with respect to more dis- 
tant ones as the observer moves round his path, so a star 
must appear to vary its position with reference to others 
deeper in space, in consequence of the earth’s orbital motion. 
A difference exists, however, between the two cases. There 
is no difficulty in telling which tree is near and which is at 
a distance, but no sure indication of this kind is exhibited 
by the stars. It is necessary to assume that the faint stars 
round the one whose parallax is desired are so far away that 
they can be considered as reference points upon the celestial 
sphere. The positions of the selected stars with respect to 
these points are determined throughout the year instead of 
finding the exact situation in the heavens from time to time. 
The vitiating causes which debar the result in the absolute 
method are thus entirely obviated, for they affect all the 
stars alike. When such measures are made and mapped, 
the star under observation is found to describe a parallactic 
ellipse relatively to the faint ones near it. In no case, how- 
ever, can the true parallax of the star be obtained by this 
method, but only the difference between its parallax and 
the parallaxes of the reference stars. 

The late Professor Pritchard very successfully used 
photography in the determination of stellar parallax. Instead 
of determining the relative positions of stars surrounding 
that selected for observation, when the objects are in the 
field of view of the telescope, a photograph was taken, and 
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the relative positions of the stars upon it were afterwards 
measured at leisure. The photographs have the advantage 
of being permanent records, so the measures can be verified 
if necessary, whereas measures made while the observer is 
at the telescope have to stand on their merits, for it is im- 
possible to exactly realise the same conditions of observation 
at any future time. 

In 1838, Bessel completed a series of observations of the 
position of a star known as 6 1 Cygni, barely visible to the 
naked eye, with respect to a couple of fainter stars near it 
The result showed that half the greatest length of the paral- 
lactic ellipse, that is to say, the parallax of the star, was about 
one third of a second of arc. To put it another way, if an 
astronomer were on the star, the angle between the two direc- 
tions in which he would have to point his telescope to view 
the earth and the sun respectively would be about one-third of 
a second of angular measure. Let us give an illustration of 
this almost infinitesimally small angle. The long hand of a 
watch moves through a circle of 360 degrees in an hour ; in 
one minute it moves through an angle of six degrees ; in one 
second through one-tenth of a degree, that is, six minutes of 
arc. Following up this proportion, it will be found that the 
hour hand moves through an angle of one-third of a second 
of arc in about one- thousandth of a second of time. In 
other words, the difference between the directions of the 
hour hand of a watch or clock at the beginning and the end 
of one-thousandth part of a second represents the parallax of 
the star 61 Cygni. We can go further and say that up to the 
present time no star is known to have a parallax of more than 
one second of arc — an amount through which the hour band 
of a watch moves in the three hundred and sixtieth part of 
a second. About the same time as Bessel’s results were 
published, Struve, using the same differential method, found 



IN BOUNDLESS SPACE. 


135 

a parallax of about one-fifth of a second for the bright star 
Vega ; and Henderson, by a discussion of absolute measures 
of position, showed that the star Alpha Centauri, invisible 
in our hemisphere, has a parallax of rather less than one 
second of arc. 

When the parallax of a star is known, the corresponding 
distance in miles can be calculated. It can be proved geo* 
metrically that any object viewed at a distance of 206,265 
times its own length subtends an angle of one second. Thus, 
a halfpenny has a diameter of an inch, and if the coin is 
taken to a distance of 206,265 inches, that is, 3J miles, the 
angle between two pointings of a telescope, one to the upper 
and the other to the lower edge, is one second. Suppose, 
then, an observer on a star found that the angle between 
two pointings to the earth and sun respectively was one 
second ; if he knew that the distance from the earth to the 
sun is 93 millions of miles, he would be able to find the dis- 
tance of his globe from us, for it would be 206,265 times 93 
million miles. Remembering this relation between angles 
and distance, and also that the parallactic angles are in- 
versely proportional to the distances, it is easy to find the 
distance of a star after its parallax has been measured. No 
star has a parallax so great as a single second of arc, hence 
no star is nearer to us than 206,265 times 93 million miles, 
that is, about 19 millions of millions of miles. The star 61 
Cygni is at three times this distance ; Vega is at five times 
this distance. We cannot comprehend the immensity of 
these numbers. To bring them within the mental grasp, 
astronomers employ a unit of length vastly longer than any- 
thing used in terrestrial measurements. It is the distance 
which light travels in a year. In a second of time a beam 
of light flashes through a distance of 186,000 miles. The 
space traversed in a year at this rate of motion is a quantity 
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commeasurable with stellar distances. Upon many maps 
of towns and suburbs, circles are drawn showing distances 
in miles from a centre. In London, the distances are 
generally reckoned from Charing Cross. Let us construct 
a plan of stellar distances upon this principle, taking the 
solar system as the centre, but instead of drawing circles 
representing radii of one, two, three miles and so on, let the 
distance from the solar system to each circle represent the 



span of space through which light flashes in intervals from 
five to thirty years. We are then able to exhibit upon a 
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map the stellar distances at present known with any degree 
of accuracy. Of all the stars, about four score have had 
their distances determined, and in the illustration those at 
distances less than that through which light travels in thirty 
years are shown in their proper relative positions round the 
sky. More than this, the illustration shows the number of 
miles the stars are distant from the sun, if the earth’s distance 
were represented by a length of one inch. Alpha Centauri 
is the nearest star. A flash from the sun to it, or vice versa, 
only takes four years to reach its destination. The light we 
receive from Alpha Tauri or Aldebaran at the present time 
left the star on its journey twenty-seven years ago. Or, to 
put it another way, if the earth is represented by a minute 
of dust revolving round a grain of sand at a distance 
ci an inch, Alpha Tauri would be a similar grain twenty- 
seven miles away. Most of the stars seen in the sky without 
telescopic aid are at such a distance that the light we now 
analyse left them about the time of Galileo ; and there are 
others whose rays, though rushing with lightning speed 
through the depths of space, only reach us after a journey 
counted in thousands of years. In a “ universe of endless 
expansion ” are we, and through it messages of light may be 
sweeping from bodies so far sunk in the empyrean that they 
will never be received by the eye of man. 

The appearance of the sky on a fine night gives one the 
impression of infinite calm and peace, and it hardly appears 
credible that each orb which we behold is in a state of 
tumult tremendous beyond our conception, and that all are 
whirling helter-skelter through space. Yet such are the 
facts. The stars have apparent motions belonging not to 
them but resulting from the movements of the earth. They 
also have “ proper motions,” that is, real motions which go 
on cjuite independently of terrestrial changes of position, 
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When a vessel is watched on the distant horizon, it only 
appears to move very slowly, even though the real speed 
may be great, and, indeed, several minutes may pass without 
any change of position being detected. Similarly, the stars 
are so far away that their real motions are scarcely observ- 
able, and can only be discovered by watching the skies over 
a long period of time. Hipparchus made a catalogue of 
the positions of some of the stars about 125 b.c. Eighteen 
hundred years later Halley compared these positions of 
celestial bodies with those found in his day. The compari- 
son showed that unmistakable changes of position had 
occurred during the interval. The difference between the 
old and new positions of Sirius, the brightest star in the 
heavens, was as much as the apparent diameter of the 
moon, and other stars exhibited similar and even greater 
discrepancies. The numerous observations made by Hip- 
parchus of the same star precluded the idea that he had been 
mistaken in his measures; hence the idea that the stars them- 
selves had moved was found worthy of acceptation. Observa- 
tions made since the time of Halley have established abso- 
lutely the fact of this motion, and in all good catalogues of 
stars now compiled, the afhount by which each individual orb 
changes its position in a year is stated. It appears, then, 
that a “ fixed ” star is unknown. The result of this is that 
configurations of stars change with the lapse of ages. To 
the eye, the Great Bear constellation appears much the 
same to-day as it did when Hipparchus observed it more 
than two thousand years ago. But in, say one hundred 
thousand years, the familiar Plough, mighty Orion, Cassio- 
peia's Chair, and other constellations, will have lost their 
present alignments and be unrecognisable. 

The star having the largest proper motion is No. 1830 in 
ft catalogue made by Groombridge, and is, therefore, known 
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as 1830 Groombridge. It is situated in the Great Bear, but 
is invisible to the naked eye. In a year this star moves 
through seven seconds of ate; in a century therefore it moves 
through seven hundred seconds, and in about 185,000 years 
it will make the circuit of the celestial sphere. The star 61 
Cygni, to which reference has previously been made, has a 
proper motion of five seconds of arc per annum. It was on 
account of the existence of this comparatively large proper 
motion that Bessel was led to select this star for observations 
of parallax. If the velocities with which stars move across 
the line of sight were equal, then a large proper motion 
would be an indication of nearness to our system, but this 
criterion is no more certain than that obtained from a con- 
sideration of stellar brightness. 

The stars possess proper motion ; the sun is a star, there- 
fore the sun has a proper motion ; this is a logical conclusion 
which presented itself to the mind of Sir William Herschel 
and which he established by observation. He proved that 
the sun with his planets and satellites is moving towards the 
constellation Hercules. A number of determinations have 
been made of the point towards which the sun is travelling 
(known as the “ apex of the sun’s way ”) by various astron- 
omers, and, considering the difficulty of the problem, the 
agreement is remarkable. Recent work in this direction 
indicates that the apex is close to the bright star Vega. 
The velocity with which the sun is moving may be anything 
from about five to twenty miles per second. A reasonable 
estimate makes it about ten miles a second. When we 
compare this with the rate of a cannon ball it seems enor- 
mous. Such a comparison, however, leads to erroneous 
ideas. A cannon ball which took a day to move through a 
space equal to its own diameter is travelling at less than a 
mail’s pace, yet with a velocity of ten miles per second, the 
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sun takes a day to move through a space equal to its own 
diameter. In order to understand the conditions of the 
problem which Herschel solved, consider an observer to be 
in a large park among a concourse of people. The people 
are moving about in all directions, but a general movement 
is also noticed away from the entrance gate of the park and 
towards the exit. This is what is found in the case of the 
stars. Each star has a motion of its own, and when these 
motions are considered in hundreds, a general movement 
from our point in the sky and a general movement towards 
a point on the opposite side of the celestial sphere is ob- 
served. The apex of the sun’s way is the part of the sky in 
which the stars appear to be spreading out, owing to the 
motion of our system towards them, and the anti-apex 
marks the opposite part of the sky. If the stars were fixed, 
like trees in an avenue, the opening out would be similar to 
that observed in front when walking down the avenue, and 
the closing up would be analogous to the view behind. The 
problem would then be a very simple one, whereas the 
reality of stellar motions makes it very difficult. 

Many of the stars undergo changes of brightness ; they are 
“variable stars.” Some fluctuate very considerably in 
brilliancy ; others are not so conspicuously changeable ; 
some rise and fall in light-giving power in the course of a 
few days ; others slowly increase and as slowly decrease in 
splendour, taking several months to do so. In addition to 
the stars which periodically swell and shrink in importance, 
there are those which live a brief life and then “cease to 
be,” and are known to astronomers as “ new stars.” When 
Galileo turned his telescope towards the sky, he saw hun- 
dreds of stars previously unknown to man, and in our day 
increased optical powers and celestial photography are 
continually bringing new worlds within our ken. Such, 
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however, are not known as “ new stars.” The term is re- 
served for those which suddenly blaze out and then slowly 
fade away to invisibility. Less than a dozen temporary stars 
of this character have been recorded in historic time. The 
first of which anything like a circumstantial account was 
written appeared in 1572 in the constellation of Cassiopeia. 
During a short part of its existence, this star was so bright 
that it could be seen in the daytime, and it took fifteen 
months to fade out of sight. Another new star of excep- 
tional grandeur was seen in 1604. Coming to our own 
times, we have the star which in 1866 was suddenly exalted 
from the ninth to the second magnitude, and, after occupying 
this position for about a month, went back into the obscur- 
ity from which it had been raised. This was the first new star 
to which spectroscopic analysis was applied. The increased 
light was found to be of the quality emitted by hydrogen. 

In 1876 a new star appeared in the constellation Cygnus. 
It was of the third magnitude when at its brightest, and in 
fifteen months had sunk to the eleventh magnitude. The 
remarkable fact about this star is that when it had sunk to 
its lowest degree, and was presumably at a lower temperature 
than at the time of greater brilliancy, it was indistinguishable 
from a small nebula or a comet when far away from the sun. 

A stellar visitor appeared near the centre of the great 
nebula in the constellation Andromeda in 1886, but did not 
become bright enough to be seen with the naked eye. In 
about four months it entirely vanished, though not without 
reporting that its light was the same as that of the nebula itself. 

A considerable amount of interest was taken in a new 
star observed in the constellation Auriga in 1892. The 
analysis of tbe light of this star showed that we were really 
viewing two or more bodies moving with different velocities 
and in different directions with respect to the earth. The 
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star is still visible, but, like the new star of 1876, it has 
assumed the condition of a small nebula, its light being of 
precisely the same quality as that given by these cloud-like 
patches in the sky. 

To account for the phenomena of new stars, various 
theories have been propounded. Some astronomers believe 
that the increase of brightness is caused by an enormous 
outburst of luminous material from a faintly luminous crust, 
or the shooting forth of a great mass of luminous hydrogen 
in a similar manner to that observed in eruptions on the sun, 
but on a larger scale. Prof. Lockyer has suggested that 
new stars are caused by the accidental meeting of two 
swarms of meteorites in space. When the collision occurs, 
a large amount of heat is developed, and the luminosity is 
increased so long as the swarms arc passing one another. 
After the conflict, normal conditions prevail, the swarms 
travelling “ every one to his own way.” 

The most celebrated star which waxes and wanes in 
brightness in a period of several months is in the constella- 
tion Cetus, and is known as Mira Ceti — the wonderful star 
of Cetus. It is a typical “ variable of long period.” At the 
time of maximum brightness Mira is usually of the second 
or third magnitude, and sometimes rivals a star of the first 
magnitude. It then fades gradually away, and in rather 
more than a couple of months can only just be seen in a 
three-inch telescope. For nearly eight months the star 
remains in this unimportant state, when suddenly an in- 
crease of brilliancy sets in, and in about a month the star 
is again in the zenith of its power. Prof. LockyePs ex- 
planation of the cause of this kind of variability satisfies the 
facts of observation better than any other. It is that the 
faint star we see for eight months or so is really a swarm 
of meteorites. Revolving round these jostling rocks in an 
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elliptic path is a similar, but smaller, congregation. When 
the smaller swarm passes close to the larger one during its 
periodic journey, the meteorites rub against and collide with 



Fig. 31. — "When the smaller swarm passes close to the larger one during its 
periodic journey . . . increased luminosity testifies to the encounter.’ 


one another. The result is a development of heat ; a melt- 
ing and vaporisation of some of the constituents therefore 
follows, and increased luminosity testifies to the encounter. 
The spectroscopic analysis of the light of stars of this char- 
acter gives support to Prof. Lockyer’s hypothesis. During 
maximum brilliancy a number of bright lines are added to 
the star-spectrum, and this is exactly what would be ex- 
pected when two swarms of meteorites pass near enough to 
one another to drive some of the constituents into vapour 
and render them luminous. 

A variable star of quite a different type is Beta PerseL 
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The ancients were so much struck by the extraordinary be- 
haviour of this object that they named it Algol, the Demon 
Star. For two and a half days Algol is of the second 
magnitude, and conducts itself like an ordinary star. 
Suddenly, however, it begins to lose its power, and in about 
four and a half hours it sinks nearly two magnitudes. But 
in less than half an hour the Demon Star commences to 
climb into its former position, and in about four hours the 
goal is reached. These changes are run through in 2 days, 
20 hours, 48 minutes, 5 1 seconds. 

More than a century ago Goodricke suggested that the 
apparent changes of Algol's light were caused by a dark 
body revolving round the star, and once in a revolution 
coming between it and us, and so causing it to be partially 
eclipsed. This theory has been established by Prof. 
Pickering at Harvard, Prof. Vogel at Potsdam, and Mr. 
Maunder at Greenwich. Algol has been proved to ap- 
proach and recede from the earth in a period the same as 
that of its variation in light. It swings away from us and 
blinks, then rushes towards us, only to run away and blink 
again. The oscillations are caused by Algol’s dark com- 
panion. The dark sfar and the bright one are connected 

by gravitational 
attraction, as if 
by a long rod, 
and both move 
round the point 
on which the 

rod could be 

Fig. 

^ ing towards the 

earth, the other is being swung back. The spectroscope 


3a. — "The dark star and the bright one are . « _ , , 

connected by gravitational attraction, as if by a oaianceu; nence, 
long rod, and both move round the point (CG.) when one is mOVr 
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shows that Algol is receding from us when the dark body 
is coming forward to eclipse it. After the eclipse has oc- 
curred the dark star is being whirled away from the earth 
and Algol is approaching. It may be necessary to point out 
that the fluctuations of brightness are by no means caused 
by Algol alternately approaching and receding from the 
earth. The star is of the second magnitude, both when it 
is moving towards us and when it is running away from us. 

Algol and its dark companion are an ill-matched pair. 
Itself in the prime of life, but chained to an old world 
which swings it hither and thither and gives it a bad name, 
whereas, had it not been so mated, it would behave like a 
staid and respectable member of stellar society. 

In addition to stars like Algol, which have been proved 
to be under the influence of invisible companions, there are 
many double stars “ whereof the one more bright is circled 
by the other.” Such are known as “ binary stars,” or 
binaries. Sir William Herschel was the discoverer of these 
revolving systems. He measured the distances between a 
number of stars which appeared close together when tele- 
scopically observed, and also the direction of the line con- 
necting them. Repeating the measures after a time, he 
found that the separating distances and the direction of the 
connecting lines of pairs of stars had altered. Further ob- 
servations proved beyond doubt that the component stars 
were slowly moving round their common centre of gravity, 
and at the present time between two and three hundred 
pairs of these distant suns have been observed to change 
their positions and directions in a similar manner. 

When Herschel took up the observation of double stars, 
he did so with the idea of determinating stellar parallax by 
the differential method afterwards successfully used by 
Bessel. In his day, double stars were considered to be 
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double because the two objects happened to lie in nearly 
the same direction, and systems of revolving suns were un- 
recognised. Some of the stars which appear to be double 
must be of this kind, that is, they are not really companions 
having a stately waltz in space, but only “ optical ” doubles. 
The orbits pf a few “ physical ” doubles or binaries have 
been calculated, and the time of revolution found to vary 
from about fifteen years to as much as two thousand years. 

Though only comparatively few double stars have been 
observed to complete a revolution or move in curvilinear 
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Fig. 33. — Views of « I.yro* on two different dates. 


paths round a point between them, more than ten thousand 
double stars are known and have had their distances and 
directions determined. As time goes on these measures 
will be compared with others to see if any changes have oc- 
curred during the interval. 

Sirius has a peculiar history. Observations of its position 
indicated that it did not merely move in a straight line, but 
travelled in a small curved path, and in 1862 the minute 
but ponderous body which hampered its movements was 
discovered by Alvan Clark, 'fhe period of revolution of 
the Sirian system is about fifty years. Procyon is a similar 
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star of which the small or dark companion has not been 
discovered. 

Castor, one of the Heavenly Twins, is a good example of 
a binary star. To the naked eye it appears to be a single 
star, but when viewed telescopically it is seen to be made 
up of two, one a magnitude brighter than the other. The 
period of revolution of this pair is about one thousand years. 
Alpha Centauri, the star nearest to our system, is also a 



Fig. 34. — A selection of double stars. 


double, the period of revolution being about eighty years, and 
the mean distance being about twenty-three times greater than 
the distance of the earth from the sun. The star Epsilon 
(« ) Lyrw is very interesting. An observer gifted with acute 
sight can see that this object consists of two, without the aid 
of a telescope. By means of an opera-glass the duplicity 
is at once made out, and if a telescope of moderate dimen- 
sions is employed, each of the pair is seen to consist of 
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two, thus making the system a quadruple one. On this 
account the star is known as “the double-double.” Each 
pair is revolving round the common centre of gravity, and 
at the same time the individuals of the pair are in motion 
round one another. 

The components of a large number of double stars 
usually differ in colour when they differ in brightness. 
Beta Cygni is a beautiful example of this. When viewed 
in a small telescope, the star is seen to consist of two, one 
of the third, the other of the sixth magnitude. The brighter 
star has a golden-yellow colour, while the fainter companion 
is blue. Gamma (y) Andromeda; is another but more 
difficult example of the same kind. Its components are re- 
spectively of the third and fifth magnitudes, the larger being 
yellow and the smaller sea-green. 

“Nature finds gladness in a thousand tints.” This 
applies to celestial as well as terrestrial objects. We have 
stars of a bluish-white colour like Capella ; of a bluish-green 
like Sirius ; red, like Aldebaran ; and yellowish-red, like 
Arcturus, and between one and the other there are shades 
innumerable. Like the flowers of the earth are the flowers 
of the sky, exquisite in thejr beauty and variegation. 

From double and multiple stars we pass to “ clusters and 
beds of worlds, and bee like swarms of suns.” The Pleiades 
is a cluster in which six bright stars can be counted without 
telescopic aid. In the constellation of Cancer is a close 
congregation of stars which appears like a spot of light 
when viewed with the unaided eye. An opera-glass shows 
that the spot consists of forty or fifty individual stars, and 
a telescope of moderate dimensions will show hundreds of 
stars packed in a small space. Another well-known object 
of this kind is found in Perseus. It is a double cluster of 
stars, and can be fairly well seen with a good field-glass. 
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More interesting than any of these objects is a globular 
cluster of stars in Hercules. In a small telescope, this 
cluster looks like a round patch of haze, but with a large 
one several thousand stars can be seen and counted. 

Very similar in appearance to a star cluster seen with a 
telescope are the celestial objects known as “ nebulae — ” this 
word being the plural of a Latin one meaning a cloud. 
They are faint patches and wisps of luminous haze set in 
the starry vault and playing a most important part in the 
universe. It must not be supposed that these celestial 
clouds are so transient as those of the earth. Changes 
doubtless happen, but from the time when nebulas were 
first observed to now, no striking differences have been 
found. 

Two nebulas can be distinguished with the naked eye, one 
in Andromeda, the other round the middle star in the 
sword of Orion, Theta ( 0 ) Orionis. A small telescope 
show’s that this star is really composed of four, arranged in 
the form of a trapezium, and a large instrument adds two 
more. Surrounding the star will be seen an irregular area of 
mist — the Great Nebula of Orion. The Andromeda nebula 
is more easily seen with the naked eye than the Orion nebula 
though it does not cover such a large area of sky. In a 
moderate-sized telescope the nebula is seen to be a spindle- 
shaped mass of luminosity. Another interesting nebula 
occurs between Beta and Gamma Lyne. It is ring-shaped 
and somewhat like the rings of smoke which many smokers 
can blow from their mouths. In addition to the irregular, 
elliptical, and ring-nebulae, exemplified by the foregoing 
examples, there are a few objects having a spiral or whirlpool 
fonn, and more or less round patches known as planetary 
nebulas, on account of their showing discs of almost uniform 
brightness- Nebulous stars have the appearance of points of 
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light shining through a mist, and many bright points have 
wisps and lucid streams running out from them in curves 
and lines too diverse in character to admit of classification. 
Double nebulae close together and far apart are also found 
in all sizes. 

About seven thousand nebulae are now known, and it is 
a remarkable fact that they are much more numerous in the 
parts of the sky distant from the Milky Way than in or near 
it. Where stars are abundant, nebula, as a rule, are scarce, 
and in the regions in which nebulse are found the heavens 
lose their richness as far as stars are concerned. 

Many clusters of stars, which look like nebulae when 
viewed with a small telescope, are found to consist of indi- 
vidual stars if a larger instrument be employed. This led to 
the idea that nebulae are clusters of stars so far removed 
from our system as to be beyond the disintegrating or 
resolving power of our largest telescopes ; hence nebulae 
were divided into two classes, one containing those which 
had been resolved or broken up by optical aid, the other 
containing objects which defied disintegration. This classi- 
fication, however, is not now maintained, for the spectro- 
scope has shown that the light of nebulae is not that which 
would be received from clusters of stars. The criterion as 
to whether an object is a nebula is, therefore, the light 
badge revealed by the spectroscope, and not the telescopic 
appearance. More is said on this point in the next 
chapter. 



CHAPTER VIII. 

CHEMISTRY OF STARS AND NEBUL.E. 

Every English child has heard the lines, “ Twinkle, twinkle, 
little star, how I wonder what you are,” and the wonder is 
shared by many men and women. To be able to analyse 
objects, the nearest of which is about 250,000 times farther 
from the earth than our sun, fills everyone’s mind with 
admiration. I^t us trace the history of this marvellous 
achievement. 

In 1814, Frauenhofer, the perfecter of the spectroscope, 
and the observer of dark lines in the spectrum of sunlight, 
placed a large prism over the object-glass of a telescope and 
turned the compound instrument towards Sirius. The light 
from this brilliant gem of the sky fell upon the prism, 
traversed the prism, and was separated into its constituent 
parts, and then passed in this decomposed condition down 
to the eye of the curious optician. The view was not 
remarkable, and Frauenhofer hardly realised the importance 
of his observation. “ I have seen,” said he, “ without any 
illusion, three dark lines in the spectrum of the light of 
Sirius which, apparently, have no resemblance with those of 
the sun’s light. One of them is in the green and two in the 
blue space. Lines are also seen in the spectrum of other 
fixed stars of the first magnitude ; but these stars appear to 
be different from one another in relation to these lines.” 
Little was added to these facts for half a century, when 
* 5 * 
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Secchi of Rome, and Dr. Huggins, took up the inquiry. 
The jneaning of the dark lines in the solar spectrum was 
then understood, and astronomers were beginning to recog- 
nise the importance of the spectroscope as a weapon of 
research. The analysis of the light of “ the distant suns ” 
followed as a necessary consequence. Dr. Huggins, work- 
ing with Dr. Miller, found that the spectrum of Sirius con- 
sisted of a few dark lines upon a rainbow-tinted ribbon 
of light. One after another, substances were vaporised 
and rendered luminous in order to find those which pos- 
sessed bright lines coincident in position with dark lines in 
the star-spectrum. Hydrogen was thus shown to be the 
chief constituent of the Sirian atmosphere, and other 
elements identified were magnesium, sodium, iron, and cal- 
cium. The radiations which reach us from the stars are 
unintelligible without the spectroscope. Each substance 
comes to report its existence in its own language, and a 
babel results from their simultaneous speech. But the 
spectroscope singles out from this confusion of tongues the 
different languages, and bids each clamouring voice take 
up its proper position. The interpreters are then called 
from the laboratory. The hydrogen language of this earth 
proves to be that of the skies, and the many inflections in 
the language of terrestrial iron are found to agree with those 
in which the light-ambassadors from the denizens of space 
have been speaking to us for thousands of years. Many 
other languages of light have been identified, but there are 
still some for which no interpreter has been found. 

Though Secchi and Huggins commenced observations of 
stellar spectra about the same time, they adopted different 
lines of work. The latter observer investigated the 
chemical nature of stars ; the former took a more compre- 
hensive view, his idea being to classify the stars according 
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to their spectra. Four types of stellar spectra were thus 
established. White stars, like Sirius and Vega, usually 
possess spectra in which a few broad, dark lines due to 
hydrogen are conspicuous. Yellow stars, like A returns, have 
spectra in which a large number of fine lines, chiefly due to 
iron, are visible. If the sun were taken away into space 
until it appeared of the same brightness as Arcturus, the 
spectra of the two would be found to be almost exactly 
alike. Red stars, like Betelgeuse (Alpha Orionis), show 
spectra entirely different from the first and second types. 
Instead of lines, dark bands are seen, each of which fades 
away in the direction of the red end of the spectrum. The 
fourth type established by Secchi contains a few faint stars 
of a deep red colour, having banded spectra like the third 
type, but the bands fading away in the direction of the 
violet end of the spectrum. 

This classification roughly distinguishes the chief kinds of 
spectra, and is the one generally used at the present time. 
It is ana’ogous to the division of the animal kingdom 
into vertebrate or back-boned animals; articulated or jointed 
animals, like lobsters; molluscs, like snails and oysters; 
and rayed animals, like star-fish. Each of these divisions 
contains a number of different classes, and the classes are 
divided into groups or orders, and there is no saying where 
one order ends and the next commences. In the same 
way, there is no sharp distinction between the different 
types of star-spectra, 'and though Secchi’s arrangement holds 
good in the main, the spectroscopic discoveries of recent 
years make a more detailed classification essential. Prof. 
Vogel has developed a classification which takes in many of 
the spectroscopic niceties neglected by Secchi, and Prof. 
Lockyer has arranged spectra on quite a new plan. We 
return to this subject later on in the chapter. 
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We have seen that the spectrum of the sun consists of 
fine, dark lines, and that the spectra of stars are char- 
acterised by similar evidence of absorption in their atmos- 
pheres. Such and so was the knowledge, when, in 1864, 
I)r. Huggins turned his telescope, armed with a spectro- 
scope, to a nebula in the constellation Draco. To his 
astonishment, a solitary bright line appeared instead of a 
multitude of dark ones. Further scrutiny showed two 
more bright lines, fainter than the one into which all the 
light of the nebula seemed to be concentrated. Never was 
there a more significant observation. Nebulae had been con- 
sidered to be stars clustered together and sunk so deep in 
space as to lose their individuality even when observed 
with the most powerful telescopes, but the spectroscope gave 
the coup de grace to this idea by showing that the light of 
nebulae differed in quality from the light of any stars then 
known. Having seen the bright lines, and satisfied himself 
that they were not due to some instrumental defect, Dr. 
Huggins began his match-making. One of the three lines 
observed was found to be exactly matched by a line due to 
luminous hydrogen, and the brightest line seemed to 
coincide with a line of ^nitrogen. It was therefore con- 
cluded that the nebula consisted chiefly of glowing hydro- 
gen and nitrogen gases. Other nebulae were examined, 
and the triplet of lines found in their spectra, the brightest 
being invariably that supposed to have its origin in nitrogen. 
It is the brand or badge of nebulae, and is known as the 
•* chief nebular line.” Some of the nebulae, however, show 
an unbroken band of colour — a continuous spectrum — with 
neither bright nor dark lines upon it 
To the three bright lines observed by Dr. Huggins in 
nebular spectra, later observers have added five more. 
Three of these lines are certainly due to hydrogen, and one 
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is the line usually seen in the spectra of solar prominences, 
and due to an unknown element to which the name of 
helium is given. Spectroscopists are not agreed as to the 
substances which give rise to the remaining lines; even 
the origin of the nebular trade-mark is a matter of dispute. 
Dr. Huggins originally supposed it to be due to nitrogen, and 
this origin is stated in text books of astronomy “ even to this 
day.” But the nitrogen origin has now been abandoned, 
for there is no doubt whatsoever that the line in question is 
not due to this element. Prof. Lockyer has brought for- 
ward a large amount of evidence to show that the line 
reports the existence of magnesium vapour in nebulas, but 
other spectroscopists, and notably Dr. Huggins, declare 
against this view. 

In recent years, our knowledge of the spectra of nebulas 
and stars has been very considerably extended by photo- 
graphy. A photographic plate replaces the eye of the 
observer and receives the spectrum upon its sensitive film. 
By means of specially prepared plates, the lines from the 
yellow to the violet in the visual spectrum can be photo- 
graphed at the same time as lines in the invisible part of 
the spectrum beyond the violet. The colour is not 
photographed, but the lines can easily be recognised upon 
the picture, for each occupies its proper relative position. 
The same holds good in the invisible or photographic 
spectrum of a star, the relative positions of lines being 
always the same. We emphasise this point because 
students have a difficulty in understanding how it is 
possible to know one line from another in a photograph of 
a spectrum, since there is no colour guide. The double 
yellow line of sodium, and the green triplet of magnesium 
when once seen are recognised forever after. If a specially 
prepared photographic plate, instead of the eye, receives 
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the impressions from these lines, the negative obtained 
shows the sodium pair and the magnesium triplet as black 
lines. But though no colours are exhibited, the sodium pair 
will be at exactly the same distance from the magnesium 
triplet as was observed with the eye. Usually, when 
spectra are photographed, none of the lines in the green, 
yellow, and red parts of the spectrum leave their impres- 
sions upon the plate, but only lines in the blue and violet 
and those too high in the light-scale to be perceived by 
the human eye. 

Until a few years ago it was held that nebulae which 
show bright lines in their spectra, “ are systems possessing 
a structure, and a purpose in relation to the universe, 
altogether distinct and of another order from the group of 
cosmical bodies to which our sun and the fixed stars be- 
long.” There seemed to be a hard and fast distinction 
between a star and a nebula, namely, that the former has 
a spectrum of dark lines, while the latter possesses a bright 
line spectrum. This division would be allowable but for 
the fact that some stars — if the word is not a misnomer — 
have a spectrum exactly like nebulae, that is, a spectrum of 
bright lines. The number of “ bright-line stars ” now 
known is fifty-four, and Prof. Pickering of Cambridge, U.S., 
who has discovered most of these objects, has suggested 
that a fifth type of spectra should be erected to contain 
them and planetary nebulae with similar spectra. In the 
light of these facts it cannot be held that nebulae are 
entirely distinct from stars. There is certainly a consider- 
able difference between a nebula and a star like the sun, 
but the difference is very probably only one of develop- 
ment. The spectroscope shows that nebulae merge into stars, 
and that star spectra of the different types pass by almost 
insensible gradations one into the other ; hence it is as im- 
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possible to say, here one kind of spectrum begins, and 
there another kind ends, as it is for the naturalist to draw 
the line of demarcation between the different species of 
animals. This is now generally recognised. Stars are 
believed to be evolved from nebulae, and as they grow old, 
to change their quantity of light, the spectroscope thus con- 
firming the conclusion arrived at by Sir William Herschel 
from a study of the telescopic appearance of celestial ob- 
jects. He found planetary nebulae merging into nebulous 
stars, stars surrounded with a large amount of nebulosity, 
and others possessing but a small hazy mist or halo. 
Double nebulae appeared to form double stars, and large 
masses of nebulosity to break up into star-clusters. In no 
one case could this development be traced, but Herschel's 
observations showed that the finished star and nebula; arc 
connected by such intermediate steps as to make it highly 
probable that every succeeding state of the nebulous 
matter is the result of the action of gravitation upon it, 
while in the preceding one, and by such steps irregular 
nebulosities are brought up to the condition of planetary 
nebulae, from which it passes to a nebulous star, and then 
to the completed product. 

Though astronomers are of one mind as to the evolution 
of celestial species, they are not agreed as to the constitu- 
tion of nebulae, nor as to the relative ages of stars. Dr. 
Huggins’ detection of hydrogen in nebulae, and the widely- 
taught statement that nitrogen exists as a luminous gas 
in these bodies, lead at once to the belief that nebulae are 
masses of gas. Every spectroscopist believes that glowing 
hydrogen is present in nebular light, hence it would seem 
that nebulae must be gaseous bodies. But this is not at all 
certain. Nebulae may be, and very probably are, composed 
of innumerable solid particles colliding and jostling one 
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another, and thus provoking sufficient heat to drive some of 
their constituents into vapour. When a meteorite is 
heated, a quantity of hydrogen gas is usually driven off, 
and can be rendered luminous by suitable means in the 
laboratory. It is reasonable, then, to conclude that a 
swarm of meteorites in space, when rendered hot by friction 
against one another, would evolve hydrogen which would 
be made luminous, and so be revealed by the spectroscope. 
Since 1887, Prof. I^ockyer has been elaborating this 
“meteoritic hypothesis.” He has subjected meteoritic 
fragments to varying temperatures, and studied the light 
they emit, by means of the spectroscope. One of the first 
lines which became visible is very nearly, if not quite, 
coincident with the brightest line in the spectrum of nebulae. 
This line proved to have its origin in magnesium, hence it 
was concluded that the chief nebular line is also due to 
this element, but the coincidence, and the inference drawn 
from it has been, and is still, hotly contested by other 
spectroscopists. Let us look into the matter a little c’oser. 
A comet, at a great distance from the sun, cannot be dis- 
tinguished from a nebula by its telescopic appearance. 
Both look like patches of mist or fog. Further, comets so 
situated have been found fo exhibit the nebular badge in 
their spectra. Now there is little doubt that comets are 
annexed from interstellar space ; hence it would seem that 
they are simply nebulae which have come under the at- 
traction of our system. If, then, it is accepted that comets 
are swarms of meteorites, we are logically bound to con- 
clude that nebulae are similarly constituted. 

“ All self-luminous bodies in the celestial spaces are com- 
posed of meteorites, or masses of meteoritic vapour produced 
by heat brought about by condensation of meteor-swarms 
due to gravity." This is one of Professor LockyeFs con- 
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elusions. According to it, we begin with a nebula consisting 
of a number of solid fragments. The individuals knock 
and rub against one another like a swarm of gnats in the 
air. Heat is therefore developed, and the swarm of dark 
particles gradually become surrounded with luminous 
vapours. The conflict increases as the swarm condenses ; 
hotter and hotter becomes the fight, until finally all the 
particles have been battered into vapour. The vaporous 
globe cools ; it sinks to the condition of our sun, of the 
earth, of the moon. And possibly, though here we have no 
evidence, bodies in the same stage as our satellite may 
break up to form meteorites, which, by condensing into 
groups, would give a repetition of the phenomena, “ and so 
on, ad infinitum .” 

Using this theory of celestial evolution as a groundwork, 
Professor Lockyer has built up a classification of the 
spectra of celestial bodies more comprehensive than any 
other. He divides the spectra into seven groups, each of 
which merges into the next. The first group contains 
nebulas and stars with bright lines in their spectra, both 
being considered to be uncondensed swarms of meteorites. 
Group two contains bodies with banded spectra, like Secchi’s 
third type. The temperature is somewhat higher, but the 
meteorites still retain their individuality. In the third group, 
dark lines replace the bands, the temperature still increasing, 
and when group four is reached all the meteorites have 
destroyed one another, and their constituents exist in the 
form of vapour. Stars of this group have atmospheres in 
which hydrogen predominates, as in Secchi’s first type. 
This indicates the highest temperature, and to account for 
the richness in hydrogen it is suggested that many of the 
substances we now know as elements are decomposed into 
hydrogen under such intense conditions. The fifth group 
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is equivalent to Secchi’s second type. It contains stars like 
the sun, having in their spectra a large number of lines due 
to iron, and very probably at a lower temperature than those 
exhibiting the almost unique absorption of hydrogen. 
Group six have banded spectra like Secchi’s fourth type, 
with carbon as the chief constituent of their atmospheres. 
Group seven includes bodies like the earth and moon, 
having no light of their own. Though the conclusions as to 
the cause of these different kinds of spectra are combated, 
the fact remains that Professor Lockyer has been able to 
arrange star-spectra in a continuous sequence from nebulae 
up to stars like Vega, and down to bodies on the verge of 
extinction. Secchi’s classification of spectra was entirely 
founded upon appearance. Vogel’s is based upon descend- 
ing temperatures, all the stars being supposed to have cooled 
from the condition of Vega. Lockyer bases his arrange- 
ment upon the very plausible argument that there are stars 
increasing as well as decreasing in temperature, and it can 
stand whether stars are believed to be evolved from meteor- 
ites or not. 

The means by which the motions of solar vapours are 
measured are described in Chapter III. The movements 
of stars towards or away f¥bm the earth are similarly de- 
termined by the spectroscope. It might be supposed that 
the criterion of a star's direction of motion is change of 
brightness. But this is not so. If the nearest star were to 
approach the earrth at the rate of one hundred miles a 
second, its brightness w r ould not be increased by one-fortieth 
part in a century, and a motion of recession would only 
cause the same amount of diminution in this time. 

We have said that the lines in a spectrum, like the notes of 
a piano, have a fixed pitch, which is altered, however, by rela- 
tive motion backwards and forwards. The distance between 
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us and a luminous body is immaterial, so long as it remains 
constant. But if the distance is diminishing, all the spectrum 
lines are increased in pitch — are shifted towards the violet end 
of the spectrum, and if it is increasing, a lowering of pitch is 
the result— the lines are shifted towards the red end of the 
spectrum. Suppose a piano were being hurried towards us 
on an express engine with its C note sounding, it would be 
impossible to say whether the note had its pitch altered by 
the motion simply by listening to it. If, however, we had a 
C tuning-fork of standard pitch, any change could be at once 
detected by sounding it and comparing the note with that 
received from the moving piano. In the same way, any 
change of pitch in spectrum lines cannot be found by merely 
observing or photographing the spectrum. It is necessary to 
have a spectrum of standard pitch to compare with. This 
is easily obtained. Hydrogen shows a set of lines in par- 
ticular positions when we make it luminous in the laboratory. 
The lines can be considered analogous to the Cs of a piano. 
When we compare this set with those given by the light of 
some stars, perfect agreement of pitch is often found. On 
the other hand, the hydrogen lines of certain stars do not 
coincide with those of terrestrial hydrogen, but appear 
shifted towards the violet end of the standard spectrum. 
The obvious conclusion is that the star is moving towards 
the earth, and by measuring the amount of displacement, 
the velocity of motion can be calculated. When such a 
star is moving away from the earth, its hydrogen line3 are 
displaced to the red sides of the lines in the comparison 
spectrum. In 1868, Dr. Huggins utilised this principle for 
the determination of the motions of a few stars “ in the line 
of sight, 1 * and since 1889 Professor Vogel has very suc- 
cessfully used photography in the investigation. The 
spectrum of the star whose motion is under determination 
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is photographed side by side with the spectrum of hydrogen 
of iron. The displacement of each line of hydrogen or iron 
in the star-spectrum, with respect to the same lines in the 
terrestrial spectrum, is then measured, and the mean or 
average displacement found from the sum of the measures. 
The motions in the line of sight of about fifty stars have 
thus been determined with a probable error of about a mile 
a second. Aldebaran is found by Vogel, and also by Mr. 
Maunder, of Greenwich, to be running away from the solar 
system with a velocity of about thirty miles a second, while 
the star Gamma Leonis is approaching us at the rate of 
about twenty-four miles a second. The average speed is 
about ten miles per second. 

Prof. Keeler, using the magnificent instrument of the Lick 
Observatory, has determined the motions of some of the 
nebulae in the line of sight. He finds that the Great Nebula 
of Orion is moving away from the earth with a velocity of 
about ten miles per second ; another nebula seems to be re- 
ceding at the rate of thirty-eight miles in a second. It is 
difficult to think that nebula? can move through space with 
these enormous velocities, until it is remembered that the 
finest particle of matter can travel through a vacuum as 
easily as a solid mass. 

In 1889, Professor Pickering found that one of the lines 
in the spectrum of Mizar, the middle star in the tail of the 
Great Bear, was doubled at intervals of fifty-two days. It 
was therefore concluded that the star consists of two very 
close together, and having the same kind of spectrum. If 
the pair of stars faced the earth and were in relative rest, 
a simple spectrum would be observed at all times, for one 
set of lines would overlap the other. But the periodic 
doubling of the lines testifies clearly to relative motion. 
When one of the pair is moving towards us, the other is 
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being swung away from us. The approaching body has its 
spectrum -lines displaced towards the violet end of the 
spectrum, while the lines of the receding one are displaced 
in the opposite direction. A separation of the lines is 
therefore seen. When, however, the bodies are moving 
across the line of sight, no such displacement occurs. 
Twice, then, in a revolution are the lines at their greatest 
distance apart, and twice do they overlap one another. 
The doubling occurs every fifty-two days, hence the time of 
revolution of the pair of stars round the common centre of 
gravity is 104 days. The relative velocity indicated by the 
separation of the lines is about one hundred miles a second, 
that is to say, each star has a velocity of about fifty miles a 
second. The stars are about 143 millions of miles apart, 
but this is far too small for us ever to see them double by 
means of a telescope. 

Beta Aurigae is another star in which the lines are periodi- 
cally doubled, but in this case the interval is only two days, 
indicating a period of revolution of four days. Each star 
has a velocity of about seventy miles a second, and the dis- 
tance between them is seven and a half million miles. To 
see Beta Aurigae as a double star we should require a 
telescope about eighty feet in diameter. 

The discovery of spectroscopic binaries is a wonderful 
achievement, and doubtless the number of stars of this class 
will be added to in the near future. 



CHAPTER IX. 

CFLESTIAL PHOTOGRAPHY. 

The idea of employing the newly-discovered art of photo- 
graphy for the purpose of obtaining photogrjphs of the sun 
and moon was first suggested by the French astronomer, 
Arago, in August, 1839. The results obtained by acting 
upon the suggestion were far from being satisfactory. Our 
satellite impressed a feeble outline upon the sensitive sur- 
face, but all details were conspicuously absent. So disap- 
pointing, indeed, were the pictures that they did not justify 
the continuance of the experiment. About six months 
later, however, Dr. Draper, of America, succeeded in getting 
a representation of the moon’s surface, and shortly after he 
wrote, 44 There is no difficulty in procuring impressions of 
the moon by the daguerreotype beyond that which arises 
from her motion. By the aid of a lens and a heliostat, I 
caused the moon-beams to converge upon a plate, the lens 
being three inches in diameter. In half an hour a very 
strong impression was obtained. With another arrange- 
ment of lenses I obtained a stain nearly an inch in diameter 
of the general figure of the moon, in which the places of the 
dark spots might be indistinctly traced.” The method is 
very simple. A heliostat, or a siderostat, is a mirror con- 
nected with clockwork, which causes it to move in such a 
manner that the light of a celestial object is constantly re- 
flected in one direction. If an ordinary camera is fixed 
164 
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pointing towards the north, and a heliostat is arranged in 
front of it, so as to reflect the light of the moon or any 
other celestial body straight towards it, the clock will slowly 
turn the mirror as the body moves across the sky, and thus 
keep the reflected beams in the required direction. The 
luminous image of the object will constantly be visible upon 
the ground glass of the camera, and if a photographic plate 
is inserted, the rays fall upon the sensitive Aim and leave their 
mark. Instead of an arrangement of this kind, a telescope 
can be used, in which case the whole instrument follows 
the celestial motions, but some remarkably Ane results have 
been obtained by using a lens precisely similar to that of an 
ordinary camera but larger. 

The advantages of photography over visual observations 
are many. To begin with, the human eye, considered as 
an optical instrument, is full of imperfections. It is ex- 
tremely rare to And the two eyes of a person exactly alike, 
or to And two people with exactly the same power of seeing. 
Nowhere is this fact more clearly manifested than . in 
the records of observational astronomy. Fortunately, the 
photographic plate is unable lo exercise the faculty of im- 
agination. It infallibly records the impression received. 
If the lens of the camera or the telescope is imperfect, the 
image of an object is also imperfect, and the photographic 
picture obtained testiAes to the fact. Another advantage 
of the photographic plate over the human retina is that its 
range of sensibility is greater. We cannot perceive lumin- 
ous vibrations more rapid than those which produce the 
impression of violet light, or slower than those which give 
us the sensation of deep red light, whereas an ordinary 
photographic Aim is sensitive to vibrations within our range, 
and to others far beyond it which are utterly powerless to 
produce any visual effect. Further, a peculiar advantage of 
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the photographic plate is its ability to accumulate impres- 
sions. The human eye soon tires, the best view of an ob- 
ject being generally obtained at first sight. With a sensitive 
film, the reverse is the case. The light of an object may be 
so faint as to be unable to be grasped by any observer with 
any telescope. It may not leave any mark upon the photo- 
graphic plate after beating upon the sensitive surface for an 
hour, but let the action continue for a longer time, and that 
which was invisible will be revealed. There seems to be no 
limit to this accumulative effect. Apparently blank spaces 
in the sky have been shown to be filled with stars and faint 
nebulosities telling of the infinite extent of the universe. 

Celestial photography began with the obtaining of 
pictures of the moon, so it may be as well briefly to mention 
the chief work which has been done in this direction. 
After the discovery, in 1850, of surfaces more sensitive to 
light than those used by Arago, lunar photography grew 
apace. In 1857, Warren De La Rue, an English astronomer, 
began to produce detailed representations of the lunar 
surface, which have rendered his name immortal. Numerous 
pictures of the moon an inch in diameter were obtained, and 
many of them were afterwards enlarged up to sixteen 
inches. The fine sensitiveness of the photographic film em- 
ployed is shown by the fact that instantaneous pictures of 
the full moon were obtained, and an exposure of only 
twenty or thirty seconds was sufficient to produce a beauti- 
ful picture of the crescent moon. Each of De La Rue’s 
photographs is a work of art, and the many details they 
contain give them a high scientific value. They clearly 
demonstrated the applicability of photography to the 
celestial bodies. While De La Rue was working in 
England, Rutherford was producing excellent pictures in 
America. Dr. Henry Draper, the son of the distinguished 
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physicist to whom reference has been made, then took up 
the matter and obtained some beautiful photographs of our 
satellite. Though many astronomers photographed the 
moon after Draper, little was added to our knowledge 
until 1889, when the large instrument of the Lick Observa- 



Kig. 35. — A portion of the moon. From a photograph taken by the 
Brothers Henry, at Paris Observatory. 


tory was brought into requisition. The image of the moon 
produced by the great lens has a diameter of five inches. 
It is only necessary, then, to place a photographic plate so 
that this image falls upon its sensitive film in order to obtain 
direct pictures of our satellite. More beautiful photographs 
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than those obtained under these conditions can hardly be 
desired. Fig. 14 is a copy of one of the pictures. From 
an examination of the best pictures yet taken, Prof. Holden, 
the director of the observatory, concludes that parallel walls 
on the moon, whose tops are no more than two hundred 
yards or so in width, and which are not more than about 
one thousand yards apart, are plainly visible. Some photo* 
graphs of the moon taken by Messrs. Paul and Prosper 
Henry of Paris, in the beginning of 1890, are even more 
remarkable than those produced by the astronomers of the 
Lick Observatory. The moon’s image, instead of falling 
directly upon a photographic plate, was caused to traverse 
a second lens which magnified it fifteen times. The 
magnified image was then photographed in parts, though, 
of course, it would be possible to obtain a picture of all the 
parts at one exposure, if a very large photographic plate 
were employed. (Fig. 35.) 

There is no doubt that enlarged photographs of our 
satellite are capable of affording more information regarding 
its surface than can be gained by years of diligent observa- 
tion, while their multiplication at different epochs will 
enable astronomers readily to detect changes of a compara- 
tively minute character in lunar formations. 

Photography has revealed many of the secrets of solar 
constitution. With an instantaneous exposure, a sun- 
picture is obtained which records the exact positions and 
extent of all the spots and markings upon the sun’s visible 
surface. Such photographs give definite knowledge of the 
fluctuations of spotted area from year to year; they are 
M above suspicion,” and therefore provide the best means of 
accurately determining the speed of the sun’s rotation, and 
of tracing the birth, life, and death of individual spots. 
And, greatest boon of all, these unbiassed records can be 
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referred to at any time. Dr. Janssen of the Meudon 
Observatory has brought the photography of the sun to a 
high state of perfection. With an instrument five inches in 
diameter he produces pictures showing a* much of the fine 
detailed structure of the solar surface as is seen under the 
best conditions with the eye. The accompanying il- 
lustration is from one of the marvellous pictures taken by 
this observer. It shows a sun-spot broken into fragments 



Fig. 3S. — Group of sun-spots and the neighbouring solar surface. Krom a 
photograph taken by Dr. Janssen, at Meudon. 


by terrible convulsions. Round the spots can be seen the 
converging filaments forming the penumbra, and shooting 
over the large spot is a bright bridge of a kind often ob- 
served. The solar surface is seen to have the granulated 
structure, to which reference has previously been made, and 
parts of it appear hazy. The latter appearance is not due 
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to any instrumental or photographic defect, but is found 
upon each of a series of pictures taken in succession, and 
therefore belongs to the sun. These hazy areas or smudges 
change in appearance and position much more rapidly than 
sun-spots, an interval of an hour being sufficient to show re- 
markable differences. Professor George E. Hale, of Chicago, 
has recently obtained marvellous results in solar photo- 
graphy. By a device which it is beyond our limits to 
describe, he obtains on a single picture all the prominences, 
sun-spots, and faculoe in existence at the time of exposure. 
The photographs show that sun-spots are only the visible 
portions of much more extended regions of disturbance. 

Photography was first applied to the eclipsed sun in 
1842. By means of pictures taken at successive stages 
during the eclipse of i860, the prominences were proved 
to belong to the sun, and photographs of the corona 
taken at widely separated stations showed that this halo of 
silvery light is a solar appendage, and not a phenomenon 
produced by our own atmosphere. A significant fact with 
regard to the development of eclipse photography is that 
the work of both the English expeditions which set out to 
view the total eclipse of th« sun on April 1 5, 1893, was to ob- 
tain photographs showing the structure and extent of the 
corona, and photographs of the coronal spectrum, visual 
observations being left out of count altogether. 

A few fine photographs of planets have been taken by 
different astronomers. With the Lick Observatory telescope, 
pictures of Jupiter have been obtained showing many of the 
markings upon his disc, and Prof. Pickering has also done 
excellent work in this direction, but it can hardly be said 
that the pictures are anything like so perfect as those of 
the moon and sun. 

Dr. David Gill, of the Cape Observatory, obtained several 
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splendid photographs of the Great Comet of 1882, and the 
accompanying illustration is a copy of one of them. It 
will be seen that the stars are all elongated in one direction. 
The amount of elongation represents the distance through 
which the comet moved during the time of exposure. 



Fig. 37. — Photograph of the Great Comet of r88a. obtained at the Cape 
Observatory by I>r. Gill. 


Comets, as we have before remarked, are celestial vagabonds. 
They have no fixed abode ujx>n the vault of heaven, but 
wander from point to point. Dr. Gill wished to photograph 
the comet, so he followed it up with his telescope, keeping 
time with it instead of the stars. Photographs of other 
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comets have been taken, but there has been no opportunity 
of obtaining pictures of such a large object as that which 
appeared in 1S82. 

A photographic register of a comet would be tava&kbl* 
for the computation of the orbit, and for an intelligent atudiy 
Of the marvellous changes which take place in the body's 
head and tail as it approaches and recedes from the sun. 

The last two or three years have witnessed a new de- 
parture in celestial photography. The astronomers of the 
Lick Observatory, and Dr. Max Wolf; of Heidelberg, have 
photographed a number of beautiful pieces of celestial 
scenery by means of a lens, precisely similar to the lens of 
an ordinary camera, but larger, being about thirty inches 
long and five inches in diameter. Such lenses have the 
advantage of taking in a much wider expanse of sky than is 
possible with a telescope. Dr. Wolf has accumulated faint 
impressions upon his plates for so long as twenty-four hours 
by exposing the lens to the same portion of the sky on 
successive evenings. On one of these long-exposure photo- 
graphs a luminous trail was observed, which proved to be 
the trail left by a meteor as it shot across the field of view 
while the sensitive plate was directed heavenwards. An 
examination of another photograph showed the existence of 
a short luminous line. This turned out to be a minor planet, 
whose movements among the stars during the time of ex- 
posure had caused it to be registered as a line instead of a 
point A new method of discovering minor planets was 
thus opened up, and astronomers have not been slow to take 
advantage of it. 

Attempt to draw a patch of mist lying over a water sur- 
face in the evening or a thin bank of fog, showing not only 
the extent of the haziness but the light and shade of its 
parts, and you will obtain an idea of the difficulty of ac- 
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curately delineating the masses of celestial haze known as 
nebulae. From 1659, when Huyghens published the first 
drawing of the Great Nebula of Orion, to 1880, when Dr. 
Draper took the first photograph of it, one observer after 
another has attempted to reproduce its ghost-like structure, 



Fig. 38.— The Great Nebula of Andromeda. From a photograph by 
Dr. Isaac Roberts. 

and the results are often so different that it is difficult to 
believe that the same object is represented. Dr. Draper's 
results showed clearly that much was to be expected fro® 
photography as a nebula-artist, and a picture obtained by 
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Dr. Common, in 1883, proved the art worthy of the trust 
which was put in it. Details and extensions of the nebula, 
which had been unknown, were revealed by his photo- 
graphs. 

Dr. Isaac Roberts was the next worker in this field of in- 
quiry. It was he who began to take the long-exposure 
photographs which mark an epoch in the history of celestial 
photography. A photograph of the Orion nebula taken 
with an exposure of four hours shows twice as much 
nebulosity as that exhibited in Dr. Common’s pictures. 
Unaccountable dark lines or rifts which had been seen on 
the side of the Great Nebula of Andromeda are shown by 
Dr. Roberts’ photograph of the object to be divisions be- 
tween rings of luminous matter, extending completely round 
it, like the rings round the planet Saturn. 

In 1885, the Henry Brothers obtained fine photo- 
graphs showing nebulous material round some of the 
Pleiades cluster of stars. A year later, Dr. Roberts, by 
means of a photograph taken with an exposure of four 
hours, showed that the whole of the stars in the cluster are 
immersed in nebulosity, whereas not a trace of this cloudi- 
ness can be seen with an ofdinary telescope. It would take 
up too much spce to enumerate the valuable results 
which this astronomer has obtained. Clusters of stars of all 
description, and nebulae of every kind have been forced to 
register their forms upon his photographic plates. He has 
done much ; still more can be confidently expected. 

Nearly a quarter of a century ago, Dr. Rutherford pointed 
out that photography could be applied to the mapping of 
the stars. The idea lay dormant until Dr. Gill’s photograph 
of the comet of 1882, showing numerous stars down to the 
ninth magnitude, and some remarkable photographs taken 
two years later by M. Henry, and showing stars down 
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to the sixteenth magnitude, revived it. The success clearly 
indicated that nothing was wanting but the co-operation of 
astronomers all over the world to construct a photographic 
map of the whole sky. A congress composed of fifty-eight 
members, and representing sixteen different nationalities, was 
therefore convened at Paris in 1887. It was then decided 
to prepare a photographic chart of the heavens, the stars to 



Fig. 39.— ‘'Dr. Roberts, by means ol a photograph, has shown that the 
whole of the stars in the Pleiades duster are immersed in nebulosity." 


be photographed down to the fourteenth magnitude. Each 
separate picture will contain the stars in an area of four 
square degrees, and each star will appear upon two pictures, 
in order that any spurious spots accidentally produced by 
specks of dust can be discriminated. Before the map is 
completed, about twenty-two thousand plates will have to be 
exposed, each for about an hour, to the sky. Previous to 
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turning a plate to starlight, it is exposed to rays trans- 
mitted by a glass screen upon which a reticulation or 
network of lines is drawn. Faint lines are thus impressed 
upon the plate, the distance from one line to the next being 
one-fifth of an inch. After a plate has been marked in this 
manner, it is exposed to the stars and then developed. The 
stellar images thus appear together with the network upon 
the resulting pictures ; so the positions of stars with respect 
to the intersecting lines can be very accurately determined. 
It is estimated that about twenty millions of stars will ap- 
pear upon the plates exposed, so as to take in all those 
down to the fourteenth magnitude. Another set of plates 
have to be exposed for a shorter time so as to include stars 
to the eleventh magnitude only, the number in this case 
being one and a half millions. These plates are intended 
for the formation of a catalogue containing all the stars down 
to the eleventh magnitude. They have not merely to be 
exposed to the sky and developed, but each stellar point 
which appears upon them has to have its exact position 
afterwards determined. Though the work is well advanced, 
it can hardly be completed before the end of this century. 
It will be a fitting termination of a century so rich in 
astronomical discoveries. 

If nebulae are considered to be the starting point in 
the life* history of worlds, their growth can be traced in the 
manner referred to in the preceding chapter. When we go 
into a forest and see the brave old oaks which have stood in 
their might and majesty for hundreds of years, side by side 
with the saplings and the plants just sprouting from acorns, 
we know at once that the different forms represent different 
stages of development. Reasoning in this manner, Herschel 
concluded that the various forms of celestial bodies are the 
result of different ages, and that every world has been 
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fashioned out of the misty material we call nebulae. Photo- 
graphy has been able to afford some information upon this 
matter. The nebula in Orion appears to represent the con- 
dition of things when “ the earth was without form and void ; 
and darkness was upon the face of the deep.” Dr. Roberts’ 
photograph shows that in the nebula of Andromeda we 
have a more symmetrical arrangement of matter. Round 
the bright nucleus are swirls of luminosity, which appear 
elliptical in form on account of their being inclined to the 
line in which we see them. The two small nebulae near this 
“ tumultuous cloud ” have very probably been formed from 
it ; they are worlds being called out of a void. A nebula 
such as that of Andromeda is therefore older than an 
irregular mass like that of Orion. The next stage of de- 
velopment is into a star cluster immersed in faint nebulosity, 
and then into clusters quite free from this " shining mist.” 
Thus, by the aid of photography, we seem to be in the way 
to an intelligent classification of celestial species. In the 
broad expanse of heaven, we have : — 

“ Regions of lucid matter, taking form : 

Brushes of fire, hazy gleams. 

Clusters and beds of worlds, and bee-like swarms 
Of suns, and starry streams.” 

Kant and Swedenborg speculated upon the evolution of 
the members of our system, and Laplace developed the 
matter mathematically. These philosophers showed that, 
in all probability, the space included within the limits of the 
solar system was, at one time, filled with a whirling luminous 
mass, similar in constitution to a nebula. This rotating 
ball of vapour gradually diminished in temperature, and, as 
it contracted by cooling, the rotation increased in rapidity 
until the centrifugal form became greater than the central 
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attraction, and rings or zones of nebulosity were left behind. 
The condensation of these rings produced planetary masses, 
which, by going through similar stages to the parent mass, 
gave birth to satellites. 



Fig. 4a—" Clusters and beds of worlds and bee-like swarms of suns.” 

From a photograph taken by Dr. Isaac Roberts. 

The planet Saturn is surrounded by rings, which will pro- 
bably break up into satellites in this manner. According 
to this theory, Neptune is the first born member of our 
family, and Mercury is the youngest child of the sun. 
Lockyer’s meteoritic hypothesis does not combat this theory, 
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for it has been shown that a condensing swarm of meteorites 
would behave like the condensing mass of gas upon which 
Laplace built his theory. There is also another way of 
looking at the matter. The nebular hypothesis begins with 
a ready-made gaseous nebula. Lockyer begins at an an- 
terior stage by asserting that the mass of gas is the outcome 
of colliding solid particles. We have seen that the view of the 
conversion of nebulae into stars and planets can be extended 
to the innumerable worlds distributed through the realms of 
space, though it can hardly be said that our knowledge of 
celestial evolution is of the most accurate character. By 
patient searchings man will obtain a deeper knowledge of 
the mystery of creation, and the light of science shall reveal 
much that is at present hidden. Let us conclude with a 
quotation from Lytton : “ Upon a stratum, not of this world, 
stood the world-born shapes of the sons of Science, upon 
an embryo world — upon a crude, wan, attenuated mass of 
matter, one of the nebulae which the suns of the myriad 
systems throw off as they roll round the Creator’s throne, to 
become themselves new worlds of symmetry and glory — 
planets and suns that for ever and for ever shall in their turn 
multiply their shining race, and be the fathers of suns and 
planets yet to come.” 
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mediately, and then to proceed with the earlier volumes. Volume X. is already 

Henley & Whibley. A BOOK OF ENGLISH PROSE. 
Collected by W. E. Henley and Charles Whibley. Crtrum 
Svo. 

Also small limited editions on Dutch and Japanese paper. 2 is. 
and 42J. net. 

A companion book to Mr. Henley’s well-known Lyra lltroica. It is believed that 
no such collection of splendid prose has ever been brought within the compass of 
one volume. Each piece, whether containing a character-sketch or incident, is 
complete in itself. The book will be finely printed and bound. 

Henley. ENGLISH LYRICS. Selected and Edited by 
W. E. Henley. In Two Editions : 

A limited issue on hand-made paper. Large crown 8 vo. 

A small issue on finest large Japanese paper. Demy%vo. 

The announcement of this important collection of English Lyrics will excite wide 
interest. It will be finely printed by Messrs. Constable & Co., and issued at 
first in limited editions. 

Dixon. ENGLISH POETRY FROM BLAKE TO BROWN- 
ING. By W. M. Dixon, M.A. Ovwh 8 <v. 5 s. 

A Popular Account of the Poetry of the Century. 

Prior. CAMBRIDGE SERMONS. Edited by C. H. Prior, 
M.A., Fellow and Tutor of Pembroke College. Crown Svo. 6 1. 

A volume of sermons preached before the University of Cambridge by various 
preachers, including the Archbishop of Canterbury and Bishop Westcott. 
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Oscar Browning. GUELPHS AND GHIBELLINES: A Short 
History of Mediaeval Italy, a.d. 1250-1409. By Oscar Browning, 
Fellow and Tutor of King’s College, Cambridge. Crown 8 vo. jr, 

O’Grady. THE STORY OF IRELAND. By Standish 
O’Grady, Author of 1 Finn and His Companions.’ Small crown 
Svo. 

A short sketch of Irish History, simply and picturesquely told, for young people. 

Scott. THE MAGIC HOUSE AND OTHER VERSES. By 
Duncan C. Scott. Extra Post Svo, bound in buckram. 51. 

Lock. THE LIFE OF JOHN KEBLE. By Walter Lock, 
M.A. With Portrait from a painting by George Richmond, R.A. 
Crown Svo., buckram, 5*. Fifth Edition just ready. 

1 A fine portrait of one of the most saintly characters of our age, and a valunble con- 
tribution to the history of that Oxfora Movement.'— Times, 

Classical Translations 

Irwin. LUCIAN— Six Dialogues (Nigrinus, Icaro-Menippus, 

Cock, Ship, Parasite, Law of Falsehood). Translated into English 
by S. T. Irwin, M.A., Assistant Master at Clifton ; late Scholar of 
Lincoln College, Oxford. Crown Svo. 

Morshead. SOPHOCLES— Electra and Ajax. Translated into 
English by E. D. A. Morshead, M.A., late Scholar of New College, 
Oxford ; Assistant Master at Winchester. Crown Svo. 

Two new volumes of the ' Classical Translations ’ series. 

Fiction 

Oorelli. BARABBAS: A DREAM OF THE WORLD’S 
TRAGEDY. By Marie Corelli, Author of * A Romance of Two 
Worlds,’ ‘Vendetta,’ etc. 3 vols. Crown Svo. 3 is. 6 d. 

Baring Gould. CHEAP JACK ZITA. By S. Baring Gould, 
Author o! ‘Mehalah,’ ‘ In the Roar of the Sea,’ etc. 3 vols., Crown 
Svo. 31 s. 6 d. 

A Romance of the Ely Fen District in 1815. 

Fflltn. THE STAR GAZERS. By G. Manville Fenn, 
Author ol ‘ Eli’s Children,’ etc. 3 vols. Crown Svo . 31;. 6 d. 

Era* Stuart A WOMAN OF FORTY. By Esm& Stuart, 
Author of ‘Muriel’s Marriage,’ ‘Virginia’s Husband,’ etc. 2 vols. 
Crown Svo. 21 s. 
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Parker. THE TRANSLATION OF A SAVAGE. By 
Gilbert Parker, Author of ‘ Pierre and His People,* ‘Mr*. 
Falchion , 1 etc. Crown 8vo. 5 s. 

A picturesque story with a pathetic and original motive, by an author whose rise in 
the estimation of the critics and the public has been rapid. 

Gilchrist. THE STONE DRAGON. By Murray Gilchrist. 
Crown 8vo. Buckram, 6s. 

A volume of stories of power so weird and original as to ensure them a ready welcome. 

Benson. DODO : A DETAIL OF THE DAY. By E. F. 

Benson. Crown 8vo. Seventh Edition. 2 vols. 21 s. 

A story of society by a new writer, full of interest and power, which has already 
passed through six editions, and has attracted by its brilliance universal atten- 
tion. The best critics were cordial in their praise. The 'Guardian’ spoke of 
Dodo as unusually clever and interesting ; the ‘ Spectator ' called it a delight- 
fully witty sketch of society’, the ‘Speaker’ said the dialogue was a perpetual 
feast of epigram amt paradox ; the ‘ Athenaeum ' spoke of the author as a write < 
of auite exceptional ability ; the * Academy ’ praised his amazing cleverness ; the 
‘World ‘ saia the book was brilliantly written ; and half-a-dozen papers declared 
there was not a dull page in the two volumes. 

FOR BOY8 AND GIRL8 

Baring Gould. THE ICELANDER’S SWORD. By S. 
Baring Gould, Author of ‘Mehalah,’ etc. With twenty-nine 
Illustrations by J. Moyr Smith. Crown 8vo. 6s. 

A stirring story of Iceland, written for boys by the author of ‘ In the Roar of the Sea. 

Onthell. TWO LITTLE CHILDREN AND CHING. By 
Edith E. Cuthrll. Profusely Illustrated. Crown 8vo. Cloth , 
gilt edges, 6s. 

Another story, with a dog hero, by the author of the very popular ' Only a Guard- 
Room Dog.' 

Blake. TODDLEBEN’S HERO. By M. M. Blake, Author of 
‘The Siege of Norwich Castle.’ With 36 Illustrations. Crown 
8vo. 5 j. 

A story of military life for children. 

NEW AND OHEAPER EDITIONS 
Baring Gould. MRS. CURGENVEN OF CURGENVEN. 
By S. Baring Gould, Author of ‘Mehalah,’ ‘Old Country Life, ’ 
etc. Crown 8 vo. Third Edition. 6s. 

A powerful and characteristic story of Devon life by the author of ' Mehalah.' which 
In Us 3 vol. form passed through two editions The 'Graphic' speaks of it as a 
novel vigorous humour and sustained power ; the * Sussex Daily News * says 
that the swing of the nmrrutm is splendid ; and the 'Speaker 1 mentions its 
’ lagmatroe power . 
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Parker. MRS. FALCHION. By Gilbert Parker, Author of 

‘Pierre and His People.’ New Edition in one volume. 6s. 

Mr. Parker's second book has received a warm welcome. The * Athenaeum * called 
it a splendid study of character ; the ‘ Pall Mall Gazette ’ spoke of the writing as 
but lit C U behind anything' that has been done by any writer of our time \ the 
'St. James’' called it a very striking and admirable novel ; and the 'West* 
minster Gazette ' applied to it the epithet of distinguished. 

Norris. HIS GRACE. By W. E. Norris, Author of 
‘Mademoiselle de Mersac,’ The Rogue,’ etc. Third and Cheaper 
Edition. Crown 8z > 0 . 6s. 

An edition in one volume of a novel w hich in its two volume form quickly ran through 
two editions. 

Pearce. JACO TRELOAR. By J. H. PEARCE, Author of 
‘ Esther Pentreath.’ New Edition. Crown %vo. p.bd. 

A tragic story of Cornish life by a writer of remarkable power, whose first novel has 
been highly praised by Mr. Gladstone. 

The ‘ Spectator’ speaks of Mr. Pearce as a writer of exceptional power ; the ‘ Daily 
Telegraph ’ calls it ponvrrful and picturesque ; the ' Birmingham Post ' asserts 
that it is a novel of high quality. 

Pryce. TIME AND THE WOMAN. By Richard Pryck, 
Author of ' Miss Maxwell’s Affections,’ 4 The Quiet Mrs. Fleming,’ 
etc. New and Cheaper Edition. Crown 8 vo. 6*. 

' Mr. Pryce's work recalls the style of Octave Feuillet, by its clearness, conciseness, 
its literary reserve.'— Athenerum. 

1 It is impossible to read the hook without interest and admiration.' — Scotsman. 

' He has, in fact, written a book of some distinction, and the more bis readers have 
thought and observed for themselves the more are they likely to appreciate it.’— 
Pall Mall Gazette. 

* Quite peculiar fascination is exercised by this novel. The story is told with un* 
usual cleverness. 'Time and the Woman' has genuine literary distinction, and 
the rarityof this quality in the ordinary novel needs no expression. ' — Vanity Pair. 

Dickenson. A VICAR’S WIFE. By Evelyn Dickenson. 
Cheap Edition. Crown 8 vo. 3;. 6 d. 

Prowse. THE POISON OF ASPS. By R. Orton Prowsb. 
Cheap Edition. Crown 8vo. p. 6 d. 

UNIVERSITY EXTENSION SEBIES 

NEW VOL VUES. Cmm Bn>. 

A MANUAL OF ELECTRICAL SCIENCE. By GEORGE 

J. Burch, M.A. With numerous Illustrations, p. 

A practical, popular, and full handbook. 
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THE CHEMISTRY OF FIRE. By M. M. Pattison Muir, 
M.A. Illustrated. 2s. 6 d. 

An exposition of the Elementary Principles of Chemistiy. 

A TEXT-BOOK OF AGRICULTURAL BOTANY. By M. C. 
Potter, M.A., F.L.S. Illustrated. 3;. 6 d. 

THE VAULT OF HEAVEN. A Popular Introduction to 
Astronomy. By R. A. Gregory. With numerous Illustrations. 
Crown Svo. 2 s. 6 d. 

METEOROLOGY. The Elements of Weather and Climate. 
By H. N. Dickson, F.R.S.E., F.R. Met. Soc. Illustrated. 2s. 6 d. 


SOCIAL QUESTIONS OF TO-DAY 

NEW VOLUMES. 

Crown 8w, 2 s. 6 d. 

WOMEN’S WORK. By Lady Dilke, Miss Bulley, and 
Miss Abraham. 

TRUSTS, POOLS AND CORNERS. As affecting Commerce 
and Industry. By J. Stephen Jeans, M.R.I., F.S.S. 

(Educational IBook# 

Davis. TACITI GERMANIA. Edited with Notes and In- 
troduction. By U. F. Davis, M.A., Editor of the ‘Agricola. 
Small crown 8 vo. 

Stedman. GREEK TESTAMENT SELECTIONS. Edited by 
A. M. M. Strdman, M.A. Third and Revised Edition . Fcap, 8w. 
2s. 6 d. 

Stedman. A SHORTER GREEK PRIMER OF ACCI- 
DENCE AND SYNTAX. By A. M. M. Stedman, M.A. 
Crown 8w. 

Stedman. STEPS TO FRENCH. By A. M. M. Stedman, 
M.A. 18 mo. 

An attempt to supply a very easy and very short book of French Lessons. 

Stedman. THE HELVETIAN WAR. Edited with Notes 
and Vocabulary by A. M. M. Stedman, M.A. ix. 
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Methuen’s Commercial Series 

Ctown Svo. Cloth . 

Gibbins. BRITISH COMMERCE AND COLONIES FROM 
ELIZABETH TO VICTORIA. By H. dk B. Gibbins, M.A., 
Author of ‘The Industrial History of England,’ etc., etc. 2.l 

Bally. A MANUAL OF FRENCH COMMERCIAL COR- 
RESPONDENCE. By S. E. Bally, Modern Language Master 
at the Manchester Grammar School. 

Lyde. COMMERCIAL GEOGRAPHY, with special reference 
to Trade Routes, New Markets, and Manufacturing District*. By 

L. D. Lyde, M.A., of The Academy, Glasgow. 2.v. 

Simplified Classics 

A series of Classical Readers, Edited for Lower Forms with Introduc- 
tions, Notes, Maps, and Illustrations. 

Herodotus. THE PERSIAN WARS. Edited by A. G. Liddell, 

M. A., Assistant Master at Nottingham High School. 

Plautus. THE CAPTIVI. Edited by J. H. Freese, M.A., 
late Fellow of St. John’s College, Cambridge. 

Livy. THE KINGS OF ROME. Edited by A. M. M. STED- 

MAN, M.A. 

Methuen’s Novel Series 

A Series of copyright Novels, by well-known Author*, 
bound in red buckram, at the price of three shillings and 
sixpence. The first volumes will be : — 

1. JACQUETTA. By S. Baring Gould, Author of 1 Mehalah* 

etc. 

2. ARMINELL: A Social Romance. By S. Baring Gould, 

Author of ‘ Mehalah,’ etc. 

3. MARGERY OF QUETHER. By S. Baring Gould. 

4. URITH. By S. Baring Gould. 

5. IN THE ROAR OF THE SEA. By S. Baring Gould. 
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6. DERRICK VAUGHAN, NOVELIST. With Portrait of 

Author. By Edna Lyall, Author of * Donovan,’ etc. 

7. JACK’S FATHER. By W. E. Norris. 

8. MY DANISH SWEETHEART. By W. Clark Russell. 

HALF-OROWN NOVELS. 

A Series of Novels by popular A uthors , tastefully 
bound in cloth. 

1. THE PLAN OF CAMPAIGN. By F. Mabel Robinson. 

2. DISENCHANTMENT. By F. Mabel Robinson. 

3. MR. BUTLER’S WARD. By Mabel Robinson. 

4. HOVENDEN, V.C. By F. Mabel Robinson. 

5. ELI’S CHILDREN. By G. MANVILLE Fenn. 

6. A DOUBLE KNOT. By G. Manville Fenn. 

7. DISARMED. By M. Betham Edwards. 

8. A LOST ILLUSION. By Leslie Keith. 

9. A MARRIAGE AT SEA. By W. Clark Russell. 

10. IN TENT AND BUNGALOW. By the Author of ‘ Indian 

Idylls.’ 

11. MY STEWARDSHIP. By E. M ‘Queen Gray. 

12. A REVEREND GENTLEMAN. By J. M. Cobban. 

13. THE STORY OF CHRIS. By Rowland Grey. 

Other Volumes will he announced in due course. 



Books for Girls 

A Series of Books by well-known Authors , bound uniformly. 

Walfbrd. A PINCH OF EXPERIENCE. By L. B. Wal- 
ford, Author of ‘Mr. Smith.’ With Illustrations by Gordon 
Browne. Crown 8 vo. 3*. ksd. 

1 The clever author*** steers clear of namby-pamby, and invests her morel with a 
fresh and striking dress. There is terseness and vivacity of style, and the illustra- 
tions are admirable. '—A ntt-Jm&bi*. 
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Molesworth. THE RED GRANGE. By Mrs. Molesworth, 
Author of ‘Carrots.’ With Illustrations by Gordon Browns. 
Crown 8 vo. y. 6d. 

‘A volume in which girU will delight, and beautifully illuitrated.’— Pall Mali 
Gazette . 

Author of 1 Mdle. Mori.’ THE SECRET OF MADAME DE 

Monluc. By the Author of ‘The Atelier du Lys,’ ‘ Mdle. Mori.’ 
Crown Svo. 35 . 6 d. 

1 An exquisite literary cameo.’— World. 

Pair. DUMPS. By Mrs. Parr, Author of * Adam and Eve,’ 
‘Dorothy Fox,’ etc. Illustrated by W. Parkinson. Crown 8w. 
3 s. (xi. 

'One of the prettiest stories which even this clever writer has given the world for a 
long time.’ — World. 

Meade. OUT OF THE FASHION. By L. T. Meade, Author 
of ‘A Girl of the People,’ etc. With 6 Illustrations by W. Paget. 
Crown 8 vo. y. 6d. 

‘One of those charmingly-written social tales, which this writer knows so well how to 
write. It is delightful reading, and is well illustrated by W. Paget .'—Glatgew 
Herald. 

Meade. A GIRL OF THE PEOPLE. By L. T. Meade, 
Author of 1 Scamp and I,’ etc. Illustrated by R. Barnes. Crown 
8vo. y. bd. 

'An excellent story. Vivid portraiture of character, and broad and wholesome 
lessons about life.’— Spectator. 

'One of Mrs. Meade's most fascinating book*.'— Daily Newt. 

Meade. HEPSY GIPSY. By L. T. Meade. Illustrated by 

Everard Hopkins. Crown 8vo. 2 s. 6d. 

'Mrs. Meade has not often done better work than lhi*.'—Sfectater. 

Meade. THE HONOURABLE MISS: A Tale of a Country 
Town. By L. T. Meade, Author of ‘ Scamp and I,’ • A Girl of the 
People,’ etc. With Illustrations by Everard Hopkins. Crown 
8 vo. y. 6d. 

AdRmR MY LAND OF BEULAH. By Mrs. Leith Adams. 
With a Frontispiece by Gordon Browne. Crown 8vo. y. 6tL 
a 2 
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iPtto anti lUcent Books* 

Poetry 

Rndyaid Kipling. BARRACK-ROOM BALLADS; And 
Other Verses. By Rudyard Killing. Sixth Edition . Crown 
8 vo. 6 s. 

A Special Presentation Edition, bound in white buckram, with 
extra gilt ornament. 7 s. 6 d. 

' Mr. Kipling's verse is strong, vivid, full of character. . . . Unmistakable genius 
ring* in every line.’-— Timex. 

‘ The disreputable lingo of Cockayne is henceforth justified before the world ; for a 
man of genius has taken it in hand, and has shown, beyond all cavilling, that in 
its way it also is a medium for literature. You are grateful, and you say to 
yourtelf, half in envy and half in admiration : " Here is a book ; here, or one is a 
Dutchman, is one of the books of the year.’ - -National Observer. 

Barrack -Room Ballads' contains some of the best work that Mi. Kipling ha* 
ever done, which is saying a good deal. “ Furzy-Wuuy," "Gunga Din," and 
*' Tommy," are, in our opinion, altogether superior to anything of the kind that 
English literature has hitherto produced.'— A thrmeutn 

'These ballads are as wonderful in their descriptive powet as they are vigorous in 
their dramatic force. There are few ballads in the English language more 
stirring than “The Ballad of East and West, " worthy to stand by the Border 
ballads of Scott '—Spectator. 

‘The ballads teem with imagination, they palpitate with emotion. We read their, 
with laughter and tears ; the metres throb in out pulses, the cunningly ordered 
words tingle with life ; and if this be not poetry, what is?*— Pall Mall Gnutte. 

Henley. LYRA HER 01 CA : An Anthology selected from the 
best English Verse of the 16th, 17th, 18th, and 19th Centuries. By 
William Ernest HenleY, Author of ‘A Book of Verse,’ ‘Views 
and Reviews/ etc. Croton 8 vo. Stamped gilt buckram, gilt top, 
edges uncut, dr. 

Mr. Henley has brought to the task of selection an instinct alike for poetry and for 
chivalry which seems to us quite wonderfully, and even unerringly, right.’— 
Guardian. 

YomSQXL A SUMMER NIGHT, AND OTHER POEMS. By 
Graham R. Tomson. With Frontispiece by A. Tomson. Fcap. 
8 vo. 31. 6 d. 

Also an edition on hand-made paper, limited to 50 copies. Large crown 
8s w. I or. 6 d. net. 

1 Mr*. Tomson holds perhaps the very highest rank among poetesses of English birth. 
This selection will help her reputation .'— Block and fVkitg. 
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Ibsen. BRAND. A Drama by Henrik Ibsen. Translated by 
William Wilson. Crown Svo. 5*. 

‘The greatest world-poem of the nineteenth century next to “Faust." "Brand" 
will have an astonishing interest for Englishmen. It is in the same set with 
"Agamemnon,” with “ Lear," with the literature that we now instinctively regard 
as high and holy .' — Daily Chronic It. 

‘Q." GREEN BAYS: Verses and Parodies. By “ Q.,” Author 
of ‘ Dead Man’s Rock ’ etc. Second Edition. Fcap. 8 vo. 3*. 6d. 

‘The verses display a rare and versatile gift of parody, great command of metre, and 
a very pretty turn of humour.' — Times. 

“A. G.” VERSES TO ORDER. By “A. G.” Crown 87 >o y 

i loth extra , gilt top. 2 s. 6 d. net. 

A small volume of verse by a writer whose initials are well known to Oxford men. 

‘ A capital specimen of light academic poetry. These verses are very bright and 
engaging, easy and sufficiently witty.'— .S t. James's Gazette. 

Hoflken. VERSES BY THE WAY. Bv J. D. Hosken. 

Printed on laid paper, and bound in buckram, gilt top. 5 /. 

Also a small edition on large Dutch hand-made paper. Price 
12 s. 6d. net. 

A Volume of Lyrics and Sonnets by J. IJ. Hosken, the Postman Poet, of Helston, 
Cornwall, whose interesting career is now more or less well known to the literary' 
public. Q, the Author of ‘The Splendid Spur,* etc., writes a critical ami 
biographical introduction. 

Langbridge. A CRACKED FIDDLE. Being Selections from 

the Poems of Frederic Langbridge. With Portrait. Crown Svo. 5*. 

Langbridge. BALLADS OF THE BRAVE : Poems of Chivalry, 
Enterprise, Courage, and Constancy, horn the Earliest Times to the 
Present Day. Edited, with Notes, by Rev. F. Langbridge. 
Crown 8 vo. Buckram y. 6d. School Edition, 2s. (id. 

‘A very happy conception happily carried out. These " Ballads of the Brave” are 
intended to suit the real tastes of boys, and will suit the taste of the great majority.' 
—Spectator. ‘ The book is full of splendid things .'—World. 

History and Biography 

Oollingwood. JOHN RUSKIN : His Life and Work. By 
W. G. Colling wood, M.A., late Scholar of University College, 
Oxford, Author of the ‘Art Teaching of John Ruskin,’ Editor of 
Mr. Ruskin’s Poems. 2 vols. Svo. 32/. Second Edition. 

This important work is written by Mr. Collingwood, who has been for some yean 
Mr. Ruskin' s private secretary, and who has had unique advantages in obtaining 
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materials for this book from Mr. Ruskin himself and from his friends. It contains 
a large amount of new matter, and of letters which have never been published, 
and is, in fact, a full and authoritative biography of Mr. Ruskin. The book 
contains numerous portraits of Mr. Ruskin, including a coloured one from a 
water-colour portrait by himself, and also 13 sketches, never before published, by 
Mr. Ruskin and Mr. Arthur Severn. A bibliography is added. 

( No more magnificent volumes have been published for a long time than 11 The Life 
and Work of John Ruskin." . . .‘—Times. 

‘ This most lovingly written and most profoundly interesting book .’ — Dmily News. 

‘ It is long since we have had a biography with such varied delights of substance 
and of torm. Such a book is a pleasure for the day, and a joy for ever.' — Daily 
Chronicle. 

' Mr. Ruskin could not well have been more fortunate in his biographer. '— Globe. 

1 A noble monument of a noble subject. One of the most beautiful books about one 
of the noblest lives of our century.’ — Glasgow Herald. 

Gladstone. THE SPEECHES AND PUBLIC ADDRESSES 
OF THE RT. HON. W. E. GLADSTONE, M.P. With Notes 
and Introductions. Edited by A. W. Hutton, M.A. (Librarian of 
the Gladstone Library), and H. J. Cohen, M.A. With Portraits. 
Svc. Vol. X. 12 s. 6d. 

Russell. THE LIFE OF ADMIRAL LORD COLLING- 
WOOD. By W. Clark Russell, Author of * The Wreck of the 
Grosvenor.’ With Illustrations by F. Brangwyn. Svc. 15*. 

* A really good book .’ — Saturday Review. 

‘ A most excellent and wholesome book, which we should like to see in the hands of 
every boy in the country.' — St. James's Gazette. 

Olttk. THE COLLEGES OF OXFORD : Their History and 
their Tradition*. By Members of the University. Edited by A. 
Clark, M.A., Fellow and Tutor of Lincoln College. 8 vo. tar. 6d. 

4 Whether the reader approaches the book as a patriotic member of a college, as an 
antiquary, or as a student of the organic growth of college foundation, it will amply 
reward hit attention.'— Times. 

* A delightful book, learned and lively. — Academy . 

' A work which will certainly be appealed to for many years as the standard book on 
the Colleges of Oxford.’— Atkentenm. 

HultOXL RIXAE OXON 1 ENSES : An Account of the Battles 
of the Nations, The Struggle between Town and Gown, etc. By 
S. F. Holton, M.A. Crown Svc. 5*. 

James. CURIOSITIES OF CHRISTIAN HISTORY PRIOR 
TO THE REFORMATION. By Croakb James, Author of 
* Curiosities of Law and Lawyers.’ Crown Svc. 7 s. 6 d. 
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Parens. THE HISTORY OF FLORENCE FROM THE 
TIME OF THE MEDICIS TO THE FALL OF THE 
REPUBLIC. By F. T. Perrrns, Translated by Hannah 
Lynch. In three volumes. Vol. I. 8 vo. i2r. 6 d. 

This is a translation from the French of the best history of Ftorence in existence. 
This volume covers a period of profound interest— political and literary— and 
is written with great vivacity. 

'This is a standard book by an honest and intelligent historian, who has deserved 
well of his countrymen, and of all who are interested in Italian history.’— Man* 
Chester Guardian . 

Kanftnann. CHARLES KINGSLEY. By M. Kaufmann, 
M.A. Crown Svo. $s. 

A biography of Kingsley, especially dealing with his achievements in social reform. 

' The author has certainly gone about his work with conscientiousness and industry.'— 
Sheffield Daily Telegraph. 

Oliphant THOMAS CHALMERS : A Biography. By Mrs. 
Oli THANT. With Portrait. Crown 8 vo. Buckram , 5 s. 

1 A well-executed biography, worthy of its author and of the remarkable man who is 
its subject. Mrs. Oliphant relates lucidly and dramatically the important part 
which Chalmers played in the memorable secession. T imes. 

* Written with all the facile literary grace that marks this indefatigable authoress' 
work, it presents a very complete picture of Chalmers as he lived and worked. . . . 
The salient points in his many-sided life are seised with unerring judgment.'— 
North British Daily Mail. 

Wells. THE TEACHING OF HISTORY IN SCHOOLS. A 
Lecture delivered at the University Extension Meeting in Oxford, 
Aug. 6th f 1892. By J. Wells, M. A., Fellow and Tutor of Wadham 
College, and Editor of 1 Oxford and Oxford Life.’ Crown 8 vo. 6 d. 

Pollard. THE JESUITS IN POLAND. By A. F. Pollard, 
B.A. Oxford Prize Essays — The Lothian Prize Essay 1892. Crown 
8 vo. 2 s. 6 d. net. 

Clifford. THE DESCENT OF CHARLOTTE COMPTON 
(Baroness Ferrers db Chartley). By her Great-Granddaughter, 
Isabella G. C. Clifford. Small tfo. ioj. 6 d. net. 

General Literature 

Bowden. THE IMITATION OF BUDDHA: Being Quote- 
tions from Buddhist Literature for each Day in the Year. Compiled 
by E. M. Bowden. With Preface by Sir Edwin Arnold. Third 
Edition. 16 mo. 2s, 6 d. 



14 Messrs. Methuen’s List 

DitcMeld. OUR ENGLISH VILLAGES : Their Story and 
their Antiquities. By P. H. Ditchfiei.d, M.A., F.R.H.S., Rector 
of Barkham, Berks. Post 8 vo. 2s. 6 d. Illustrated. 

( An extremely amusing and interesting little book, which should find a place in 
every parochial library.’— Guardian. 

Ditchfleld. OLD ENGLISH SPORTS. By P. H. Ditch- 
field, M.A. Crown 8 vo. 2 s. 6d. Illustrated. 

‘ A charming account of old English Sports.’— Morning Post. 

Borne. PARSON AND PEASANT: Chapters of their 
Natural History. By J. B. Burne, M.A., Rector of Wasing. 
Crown 8 vo. 5*. 

1 “ Parson and Peasant ” is a book not only to be interested in, but to learn something 
from — a book which may prove a help to many a clergyman, and broaden the 
hearts and ripen the charity of laymen.’— Derby Mercury. 

M&ssee. A MONOGRAPH OF THE MYXOGASTRES. By 
George Massee. With 12 Coloured Plates. Royal 8vo. 18 s. ntl. 

This is the only work in English on this important group. It contains 1a Coloured 
Plates, produced in the finest style of chromo-lithography. 

‘Supplies a want acutely felt. Its merits are of a high order, and it is one of the 
most important contributions to systematic natural science which have lately 
appeared.'— Westminster Review. 

‘A work much in advance of any book in the language treating of this group of 
organisms. It is indispensable to every student of the Mxyogastres. The 
coloured plates deserve high praise for their accuracy and execution.’— Nature. 

Cunningham. THE PATH TOWARDS KNOWLEDGE: 

Essays on Questions of the Day. By W. Cunningham, D.D., 
Fellow of Trinity College, Cambridge, Professor of Economics at 
King’s College, London. Crown 8vo. 4 s. 6d. 

Essays on Marriage and Population, Socialism, Money, Education, Positivism, etc. 

BushilL PROFIT SHARING AND THE LABOUR QUES- 
TION. By T. W. BusiilLL, a Profit Sharing Employer. With an 
Introduction by Sedlry Taylor, Author of ‘ Profit Sharing between 
Capital and Labour.’ Crown 8 vo. 2s. 6d. 

John Beever. PRACTICAL FLY-FISHING, Founded on 

Nature, by John Beever, late of the Thwaite House, Coniston. A 
New Edition, with a Memoir of the Author by W. G. Collingvvood, 
M.A., Author of ‘The Life and Work of John Ruskin,*etc. Also 
additional Notes and a chapter on Char-Fishing, by A. and A. R. 
Severn. With a specially designed title-page. Crown 8vo. 3 s. 6d. 

A little book on Fly-Fishing by an old friend of Mr. Ruskin. It has been out of 
print for some time, and being still much in request, is now issued with a Memoir 
of the Author by W. G. Collingwood. 
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Anderson Graham. NATURE IN BOOKS : Studies in Literary 
Biography. By P. Anderson Graham. Crown 8w. 6*. 

The chapters are entitled : I. ‘ The Magic of the Fields ’(Jefferies). 11. ' Art and 
Nature’ (Tennyson). III. ‘The Doctrine of Idleness’ (Thoreau). IV. ‘The 
Romance of Life ' (Scott). V. ‘ The Poetry of Toil’ (Burns). VI. ‘The Divinity 
of Nature * (Wordsworth). 

Wells. OXFORD AND OXFORD LIFE. By Members of 
the University. Edited by J. Wells, M.A., Fellow and Tutor of 
Wadham College. Crown 8 vo. 3 s. 6 d. 

This work contains an account of life at Oxford— intellectual, social, and religious^ 
a careful estimate of necessary expenses, a review of recent changes, a statement 
of the present position of the University, and chapters on Women’s Education, 
aids to study, and University Extension. 

'We congratulate Mr. Wells on the production of a readable and intelligent account 
of Oxford as it is at the present time, written by persons who ore, with hardly an 
exception, possessed of a close acquaintance with the system and life of the 
University .’ — A thcnamm. 

Driver. SERMONS ON SUBJECTS CONNECTED WITH 
THE OLD TESTAMKNT. By S. R. Driver, D.D., Canon of 
Christ Church, Regius Professor of Hebrew in the University of 
Oxford. Crown 8 vo. 6s. 

‘ A welcome volume to the author’s famous 1 Introduction.’ No man can read these 
discourses without feeling that Dr. Driver is fully alive to the deeper teaching of 
the Old Testament.’— Guardia k. 

Oheyne. FOUNDERS OF OLD TESTAMENT CRITICISM: 
Biographical, Descriptive, and Critical Studies. By T. K. CHKYNE, 
D.D., Oriel Professor of the Interpretation of Holy Scripture it 
Oxford. Large crown 8 vo. 7 s. 6d. [Ready. 

This important book is a historical sketch of O.T. Criticism in the form of biographi- 
cal studies from the days of Eichhom to those of Driver and Robertson Smith. 
It is the only book of its kind in English. 

* The volume is one of great interest and value. It displays all the author's well- 

known ability and learning, smd its opportune publication has laid all students of 
theology, and specially of Bible criticism, under weighty obligation.' — itcettman. 

‘A very learned and instructive work.’— Timet. 

W0RK8 BY 

8. Baring Gould, Author of 4 Mehalah,’ etc. 

OLD COUNTRY LIFE. With Sixty-seven Illustrations by 
W. Parkinson, F. D. Bedford, and F. Masky. Large Crown 
8 vo, cloth super extra , top edge gilt t lor. 6d. Fourth and Cheaper 
Edition. 6s. 

* “Ok! Country Life," as healthy wholesome reading, full of breery life and move- 

ment, full of quaint stories vigorously told, will not be excelled by any book 
to be published throughout the year. Sound, hearty, and English to the core.’ — 
World. 
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HISTORIC ODDITIES AND STRANGE EVENTS. Third 
Edition , Crown %vo. 6s. 

* A collection of exciting and entertaining chapters. The whole volume is delightful 

reading. Times. 

FREAKS OF FANATICISM. Third Edition. Crown Zvo. 6s. 

* Mr. Baring Gould has a keen eye for colour and effect, and the subjects he has 

chosen give ample scope to his descriptive and analytic faculties. A perfectly 
fascinating book.*— Scottish Leader. 

SONGS OF THE WEST : Traditional Ballads and Songs of 
the West of England, with their Traditional Melodies. Collected 
by S. Baring Gould, M.A., and H. Fleetwood Sheppard, 
M.A. Arranged for Voice and Piano. In 4 Parts (containing 25 
Songs each), Parts /., //., ///., 3s. tach. Part IV., 5 s. In one 
VoL, roan , 15*. 

* A rich and varied collection of humour, pathos, grace, and poetic fancy . ’ — Saturday 

Review. 

YORKSHIRE ODDITIES AND STRANGE EVENTS. 

Fourth Edition. Crown 8 vo. 6s. 

STRANGE SURVIVALS AND SUPERSTITIONS. With 

Illustrations. By S. Baring Gould. Crown 8 vo. 7s. 6 d. 

A book on such subjects as Foundations, Gables, Holes, Gallows, Raising the Hat, Old 
Ballads, etc. etc. It traces in a most interesting manner their origin and history. 

‘ We have read Mr. Baring Gould’s book from beginning to end. It is full of quaint 
and various information, and there is not a dull page in it .'—Net** and Queries. 

THE TRAGEDY OF THE CAESARS: The 
Emperors of the Julian and Claudian Lines. With numerous Illus- 
trations from Busts, Gems, Oameos, etc. By S. Baring Gould, 
Author of ' Mehalah,’ etc. Second Edition. 2 voh. Royal Zpo. 30 s. 
This book is the only one in English which deals with the personal history of the 
Caesars, and Mr. Baring Gould has found a subject which, for picturesque detail 
and sombre interest, is not rivalled by any work of fiction. The volumes are 
copiously illustrated. 

* A most splendid and fascinating book on a subject of undying interest. The great 

feature of the book is the use the author has made of the existing portraits of the 
Caesars, and the admirable critical subtlety he has exhibited in dealing with this 
line of research. It is brilliantly written, and the illustrations are supplied on a 
scale of profuse magnificence '—Daily Ckremcle. 

* The volumes will ia no sense disappoint tbs general reader. Indeed, in their way, 

there is nothing in any sense so good in English. ... Mr. Baring Gould has 
presented his narrative in such a way as not to make one dull page. '—A t i en eru m 

JACQUETTA, and other Stories, Crown Zvo. 3 s. 6 <L 
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ARM I NELL : A Social Romance. New Edition. Crown 8vo. 
3 *. 6d. 

‘To say that a book is by the author of “ Mehalah " is to imply that it contains a 
story cast on strong lines, containing dramatic possibilities, vivid and sympathetic 
descriptions of Nature, and a wealth of ingenious imagery. All these expecta- 
tions are justified by “ Arminell." '—Speaker, 

URITH : A Story of Dartmoor. Third Edition. Crown 8vo. }s.6d. 

‘ The author is at his best.’ — Times. 

1 He has nearly reached the high water-mark of “ Mehalah." '—National Observer. 

MARGERY OF QUETHER, and other Stories. Crown 87 to. 
V. 6d. 

IN THE ROAR OF THE SEA ; A Tale of the Cornish Coast. 

New Edition. 3s. 6 d. 

MRS. CURGENVEN OF CURGENVEN. Third Edition. 6 s. 

Fiction 

Pryce. TIME AND THE WOMAN. By Richard Pryck, 
Author of ‘ Miss Maxwell’s Affections,’ ‘The Quiet Mrs. Fleming,’ 
etc. New and Cheaper Edition. Crown 8 vo. 6s. 

‘ Mr. Pryce's work recalls the style of Octave Feuillet, by its clearness, conciseness, 
its literary reserve.’ — Athenoeum. 

Gray. ELSA. A Novel. By E. M ‘Queen Gray. Crown8vo. 6s. 

‘A charming novel. The characters are not only powerful sketches, but minutely 
and carefully finished portraits.'— Guardian. 

Anthony Hope. A CHANGE OF AIR: A Novel. By 
Anthony Hope, Author of ‘Mr. Witt’s Widow,’ etc. 1 vo/. 
Crown 8 vo. 6s. 

A bright story by Mr. Hope, who has, the Atheneeum says, ' a decided outlook and 
individuality of his own. ' 

'A graceful, vivacious comedy, true to human nature. The characters are traced 
with a masterly hand.' — Times. 

Edna LyalL DERRICK VAUGHAN, NOVELIST. By 
Edna Lyall, Author of * Donovan.’ Crown 8vo. 31 st 7 'housattd. 
3 s. 6 d. ; paper , ij. 

Lynn Linton. THE TRUE HISTORY OF JOSHUA DAVID- 
SON, Christian and Communist. By E. Lynn Linton. Eleventh 
Edition. Post 8vo. is. 

Picker. A CAVALIER’S LADYE. By Constance Dicker. 
With Illustrations. Crown 8vo. y. 6d. 
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Author of ‘Vera.’ THE DANCE OF THE HOURS. By 

the Author of * Vera,’ ‘ Blue Roses,’ etc. Crown Zvo. 6 s. 

‘ A musician'* dream, pathetically broken off at the hour of its realisation, is vividly 
represented in this book. . . . Well written and possessing many elements of 
interest. The success of “ The Dance of the Hours” may be safely predicted.' — 
Morning Pott. 

Norris. A Deplorable Affair. By W. E. Norris, Author of 
‘His Grace.’ Crown %vo. $s. 6d. 

‘What with its interesting story, its graceful manner, and its perpetual good 
humour, the book is as enjoyable as any that has come from its author's pen.'— 
Scotsman. 

Dickinson. A VICAR’S WIFE. By Evelyn Dickinson. 

Crown 8 vo. 3-t. 6d. 

Prowse. THE POISON OF ASPS. By R. ORTON PROWSE. 
Crown 8 vo. 3 s. 6d. 

Parker. PIERRE AND HIS PEOPLE. By GILBERT 
Parker. Crown 8 vo. Buckram. 6s. 

4 Stories happily conceived and finely executed. There is strength and genius in Mr. 
Parker's style .'— Daily T tit graph. 

Marriott Watson. DIOGENES OF LONDON and other 
Sketches. By H. B. Marriott Watson, Author of ‘The Web 
of the Spider.* Crown 8 vo. Buckram. 6s. 

1 By all those who delight in the uses of words, who rate the exercise of prose above 
the exercise of verse, who rejoice in all proofs of its delicacy and its strength, who 
believe that English prose is chief among the moulds of thought, by these 
Mr. Marriott Watson's book will be welcomed.’ — National Oh server. 


Methuen’s Novel Series 

A scries of copyright Novels, by well-known Authors, 
bound in red buckram, at the price of three shillings and 
sixpence. The first volumes (ready) are 

1. JACQUETTA. By S. Baring Gould, Author of ‘ Mehalah,’ 

etc. 

2. ARM I NELL : A Social Romance. By S. Baring Gould, 

Author of * Mehalah,’ etc. 

3. MARGERY OF QUETHER. By S. Baring Gould. 

4. URITH. By S. Baring Gould. 
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5. IN THE ROAR OF THE SEA. By S. Baring Gould. 

6 . DERRICK VAUGHAN, NOVELIST. With Portrait of 

Author. By Edna Lyau., Author of ‘Donovan,’ etc. Also 
paper, is, 

7. JACK’S FATHER. By W. E. Norris. 

8. MY DANISH SWEETHEART. By W. Clark Russell. 

Other Volumes will be announced in clue course. 


HALF-CROWN NOVELS 

A Series of Novels by popular Authors, tastefully 
bound in cloth. 

1. THE PLAN OF CAMPAIGN. By F. Mabel Robinson. 

2. DISENCHANTMENT. By F. Mabel Robinson. 

3. MR. BUTLER’S WARD. By Mabel Robinson. 

4. HOVENDEN, V.C. By F. Mabel Robinson. 

5. ELI’S CHILDREN. By G. Manville Fenn. 

6. A DOUBLE KNOT. By G. Manville Fenn. 

7. DISARMED. By M. Betham Edwards. 

8. A LOST ILLUSION. By Leslie Keith. 

9. A MARRIAGE AT SEA. By W. Clark Russell. 

10. IN TENT AND BUNGALOW. By the Author of ‘ Indian 

Idylls.’ 

11. MY STEWARDSHIP. By E. M‘Queen Gray. 

12. A REVEREND GENTLEMAN. By J. M. Cobban. 

13. THE STORY OF CHRIS. By Roland Grey. 

Other volumes will be announced in due course. 



NEW TWO-SHILLING EDITIONS 

Crown 8 vo, Ornamental Boards. 

ELI’S CHILDREN. By G. Manville Fenn. 
DISENCHANTMENT. By F. Mabel Robinson. 

THE PLAN OF CAMPAIGN. By F. Mabel Robinson. 
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Crown 8vo, Picture Boards. 

A REVEREND GENTLEMAN. By J. MacLaren COBBAN, 

MR. BUTLER’S WARD. By Mabel Robinson. 

JACK’S FATHER. By W. E. Norris. 

THE QUIET MRS. FLEMING. By Richard Pryce. 

Books for Boys and Girls 

Onthell. ONLY A GUARD-ROOM DOG. By Mrs. CUTHELL. 
With 16 Illustrations by W. Parkinson. Square Crown 8 vo. 6s. 

' This is a charming story. Tangle was but a little mongrel Skye terrier, but he had a 
big heart in his little body, and played a hero’s part more than once. The book 
can be warmly recommended.'— Standard. 

Oollingwood. THE DOCTOR OF THE JULIET. By Harry 
Collingwood, Author of ‘The Pirate Island,’ etc. Illustrated by 
Gordon Brownr. Crown 8 vo. 6s. 

‘“The Doctor of the Juliet,'' well illustrated by Gordon Browne, is one of Harry 

Collingwood’t best efforts.’— Morning Post. 

Clark Russell. MASTER ROCKAFELLAR’S VOYAGE. By 
W. Clark Russell, Author of * The Wreck of the Grosvenor,’ etc. 
Illustrated by Gordon Browne. Crown 8 vo. 35. 6 d. 

'Mr. Clark Russell's story of “Master Rockafellar's Voyage "will be among the 
favourites of the Christmas books. There is a rattle and “ go" all through it, and 
its illustrations are charming in themselves, and very much above the average in 
the way in which they are produced.'— Guardian. 

Manville Fenn. SYD BELTON : Or, The Boy who would not 
go to Sea. By G. Manville Fenn, Author of ‘ In the King’s 
Name,’ etc. Illustrated by Gordon Browne. Crown 8 vo. 31. 6 d. 

* Who among the young story-reading public will not rejoice at the sight of the old 
combination, to often proved admirable— a story by Manville Fenn, illustrated 
by Gordon Browne? The story, too, is one of the good old sort, full oflife and 
vigour, breeziness and fun.'— Journal <rf Education. 

Walford. A PINCH OF EXPERIENCE. By. L. B. Wal- 
ford, Author of * Mr. Smith.’ With Illustrations by Gordon 
Browne. Crown 8vo. 3*. 6 d. 

'The clever authoress steers clear of namby-pamby, and invests her moral with a 
fresh and striking dress. There is terseness and vivacity of style and the illustra- 
tions are admirable.’— Antijmeoti*. 



Messrs, Methuen’s List ai 

Molesworth, THE RED GRANGE. By Mrs. Molesworth, 
Author of ‘Carrots.’ With Illustrations by Gordon Browns. 
Crown 8 vo. 3/. 6d. 

'A volume in which girls will delight, and beautifully illustrated. -PaU Mall 

. GautU. 

Author of 4 Mdle. Mori.’ THE SECRET OF MADAME DE 
Monluc. By the Author of ‘The Atelier du Lys,’ ‘Mdle. Mori.’ 
Crown 8vo, 3s. 6d. 

‘ An exquisite literary cameo.’— World. 

Farr. DUMPS. By Mrs. Parr, Author of ‘Adam and Eve,’ 

* Dorothy Fox,’ etc. Illustrated by W. Parkinson. Crrnn 8vo. 
3 *. 6d. 

1 One of the prettiest stories which even this clever writer has given the world for a 
long time.’ — World. 

Meade. OUT OF THE FASHION. By L. T. Meade, Author 
of ‘A Girl of the People,’ etc. With 6 illustrations by W. Paget. 
Crown 8vo, 3 s. 6d. 

‘ One of those charmingly-written social tales, which this writer knows so well how to 
write. It is delightful reading, and is well illustrated by W. Paget .*— Glaitow 
Herald. 

Meade. A GIRL OF THE PEOPLE. By L. T. Meade, 
Author of ‘ Scamp and I,’ etc. Illustrated by R. Barnes. Crown 
8vo. 3s. 6d. 

‘An excellent story. Vivid portraiture of character, and broad and wholesome 
lessons about life. Spectator. 

‘ One of Mrs. Meade's most fascinating book Daily Newt. 

Meade. HEPSY GIPSY. By L. T. Meade. Illustrated by 
Everard Hopkins. Crown 8 vo. 2 s. 6 d. 

‘ Mrs. Meade has not often done better work than ten! —Spectator. 

Meade. THE HONOURABLE MISS : A Tale of a Country 
Town. By L. T. Meade, Author of ‘ Scamp and 1/ * A Girl of the 
People,’ etc. With Illustrations by Everard Hopkins. Crown 
8 vo, 3 s. 6 d. 

▲dams. MY LAND OF BEULAH. By Mri. Leith Adams. 
With a Frontispiece by Gordon Browne. Crown 8vo. y. 6d. 
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Leaders of Religion 

Edited by H. C. BEECHING, M.A. With Portrait , crown 8 vo. 2 s. 6 d. 

A series of short biographies of the most prominent leaders 

of religious life and thought. 

The following are ready— 

CARDINAL NEWMAN. By R. H. Hutton. 

1 Few who read this book will fail to be struck by the wonderful insight it displays 
into the nature of the Cardinal’s genius and the spirit of his life.' — Wilfrid 
Ward, in the Tablet. 

'Full of knowledge, excellent in method, and intelligent in criticism. We regard it 
as wholly admirable.'— A cadetny. 

JOHN WESLEY. By J. H. Overton, M.A. 

1 It is well done : the story is clearly told, proportion is duly observed, and there is 
no lack either of discrimination or of sympathy .' — Manchester Guardian. 

BISHOP WILBERFORCE. By G. W. Daniel, M.A. 

CHARLES SIMEON. By H. C. G. Moule, M.A. 

Other volumes will be announced in due course. 



University Extension Series 

A scries of books on historical, literary, and scientific subjects, suitable 
for extension students and home reading circles. Each volume is com- 
plete in itself, and the subjects are treated by competent writers in a 
broad and philosophic spirit. 

Edited by J. E. SYMES, M.A., 

Principal of University College, Nottingham. 

Croton 8vo. Price {with some exceptions ) 2s. 6d. 

The following volumes are ready : — 

THE INDUSTRIAL HISTORY OF ENGLAND. By H. DE 
B. GlBBlNS, M.A, late Scholar of Wadham College, Oxon., Cobden 
Prixeman. Third Edition. With Maps and Plans. 3 x. 

A compact and clear story of our industrial development. A study of this coodse 
but luminous book cannot fail to give the reader a clear insight into the principal 
phenomena of our industrial history. The editor and publishers are to be congrat- 
ulated on this first volume of their venture, and we shall look with expectant 
interest for the succeeding volumes of the series. University Extension Jammed. 
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A. HISTORY OF ENGLISH POLITICAL ECONOMY. By 

L. L. Price, M.A., Fellow of Oriel College, Oxon. 

PROBLEMS OF POVERTY : An Inquiry into the Industrial 
Conditions of the Poor. By J. A. Hobson, M. A. 

VICTORIAN POETS. By A. Sharp. 

THE FRENCH REVOLUTION. By J. E. Symes, M.A. 

PSYCHOLOGY. By F. S. Granger, M.A., Lecturer in Philo- 
sophy at University College, Nottingham. 

THE EVOLUTION OF PLANT LIFE : Lower Forms. By 
G. Masske, Kew Gardens. With Illustrations. 

AIR AND WATER. Professor V. B. Lewes, M.A. Illustrated. 

THE CHEMISTRY OF LIFE AND HEALTH. By C. W. 
Kimmins, M.A. Camb. Illustrated. 

THE MECHANICS OF DAILY LIFE. By V. P. SELLS, M.A. 
Illustrated. 

ENGLISH SOCIAL REFORMERS. H. de B. GlBBlNS, M.A. 

ENGLISH TRADE AND FINANCE IN THE SEVEN- 
TEENTH CENTURY. By W. A. S. Hewins, B.A. 

Social Questions of To-day 

Edited by H. de B. GIBBINS, M.A. 

Crown 8 vo. _ 2 s. 6d. 

A series of volumes upon those topics of social, economic, 
and industrial interest that are at the present moment fore- 
most in the public mind. Each volume of the series is written by an 
author who is an acknowledged authority upon the subject with which 
he deals. 

The following Volumes of the Series are ready : — 

TRADE UNIONISM— NEW AND OLD. By G. Howell, 

M. P., Author of ‘ The Conflicts of Capital and Labour.* 

THE CO-OPERATIVE MOVEMENT TO-DAY. By G. J. 
Holyoakr, Author of ‘ The History of Co-operation.’ 
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MUTUAL THRIFT. By Rev. J. Frome Wilkinson, M.A., 
Author of * The Friendly Society Movement.’ 

PROBLEMS OF POVERTY : An Inquiry into the Industrial 
Condition! of the Poor. By J. A. Hobson, M.A. 

THE COMMERCE OF NATIONS. By C. F. Bastable, 
M. A., Professor of Economics at Trinity College, Dublin. 

THE ALIEN INVASION. By W. H. Wilkins, B.A., Secretary 
to the Society for Preventing the Immigration of Destitute Aliens. 

THE RURAL EXODUS. By P. Anderson Graham. 

LAND NATIONALIZATION. By Harold Cox, B.A. 

A SHORTER WORKING DAY. By H. de B. Gibbins 
and R. A. Hadfikld, of the Hecla Works, Sheffield. 

BACK TO THE LAND : An Inquiry into the Cure for Rural 
De|x»pulation, By H. E. Moore. 


Edmhtrgk T. A* A. Constable, Prim tors to It or Majrsty. 












